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Page  285. 


Chapter  6w 


Errors  of  radio  direction  finder,  connected  with  radiowave 
propagation. 


6.1.  Effect  of  the  abnormal  polarization  of  electric  field. 


To  external  aguipinent/device  of  radio  direction  finder  besides 
the  terrestrial  no rmal- polarized  wave,  can  approach  also  the  waves, 
reflected  from  upper  air.  In  the  general  case  the  electric  field  of 
the  wave  reflected  contains  the  vertical  and  horizontally  polarized 
components,  moreover  dimensional  orientation  of  the  components  of 
electric  field,  and  also  the  relationship/ratio  of  ttiair  implitudes 
and  phases  changa  in  time. 

Tha  radiation  patterns  used  at  present  in  the  radio  direction 
finders  of  antenna  systems  in  radiowave  propagation  at  ai  angle  to 
the  horizon  usually  do  not  coincide  for  vertical  and  horizontal 
components  elactric  field.  Therefore  the  resulting  radiation  pattern 
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for  a total  field  does  not  coincide  with  radiation  patterns  for  field 
component.  We  sea  earlier  that  with  amplitude  direction-finding 
method,  utilizinj  an  antenna  radiation  pattern  of  the  system  of  radio 
direction  finder  for  a vertical  (or  horizontal)  electric  field,  it  is 
possible  to  daternine  correct  bearing  on  radio  station.  From  that 
which  was  presented  ic  follows  that  during  the  determination  of 
bearing  from  tna  resulting  radiation  pattern  they  are  obtained  in  the 
geieral  case  of  error.  Since  the  parameters  of  the  reflecting  ionized 
layers  of  the  atnosphare  continuously  change,  changes  tha 
polarisation  of  radio  waves,  and  also  error  in  t?.iae.  Thay  are  called 
polariza tional  errors.  In  phase  direction  finders  the  simultaneous 
reception/procedure  oi  both  components  of  electric  fiald  also  is  led 
to  errors, 

> 

Page  2 86. 


AS  is  known,  on  ultra  short  waves  under  normal  conditions,  does 
not  occur  the  reflection  from  the  ionized  layers.  On  middle  and  long 
waves  the  reflection  from’  upper  air  is  observed  mainly  by  night; 
therafors  on  ttiesa  waves  polarization  errors  are  developed  to  the 
most  powerful  degree  by  the  night  and  thay  are  freguantly  called  in 
radio  diroction  flndeis  "night  effects",  on  short  waves  the 
reflection  from  upper  air  occurs  during  all  days. 


I 

I 
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Sine?  the  prasetice  ot  polarizationaL  errors  is  not  connected 
with  a change  in  the  direction  of  propagation*  the  polarizationaL 
errors  of  radio  direction  finder  one  should  relate  to  tool  houses. 

As  tie  basis  of  the  elimination  of  polarizationaL  errors,  can  be 
placed  one  of  the  following  principles; 

1)  The  use  :)f  the  antenna  of  the  system  at  whosa  radiation 
patterns  for  vertical  and  horizontal  electric  fields  would  coincide 
completely  or  at  least  in  that  part  from  which  is  detocaiaed  the 
bearing  (for  axample,  application/use  by  the  antenna  of  system  with 
the  diverse  framework)  ; 

2)  decrease  down  to  the  minimum  limit  of  reception/procedure  of  i 

j 

one  of  the  cotaponants  electric  field,  usually  norizontal  (system  with  i 

'i 

the  spacrel  antenns,  the  compensated  for  framework  and  so  forth); 

1 

'i 

3)  elimination  of  the  reception/procedure  of  tha  wave  1 

reflected  and  tha  preservation/retention/maintaining  of  j 

reception/procedure  one  ot  terrestrial  normal-polarizai  field  (the  ^ 

saropled-dita  systams  of  direction  finding). 

Polar izatioii a 1 errors  are  the  rapidly  changing  canioi  errors  and 
their  average  value  with  sufficient  time  of  direction  finding  is 
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closf»  to  zero. 

In  order  to  decrease  the  manifestation  of  these  errors,  usually 
in  the  radio  direction  finders,  constructed  according  to  the  second 
principle,  are  tacen  with  direction  finding  several  readings  and  is 
designed  average  bearing. 

Page  287. 


6.2.  Determination  of  error  due  to  the  abnormal  polacizitLon  of 
electromagnetic  field. 


Let  us  examine  action  on  the  radio  direction  finiar  of 
terrestrial  and  ratlected  radio  waves. 

Let  the  alectric  field  of  terrestrial  wave  has  elliptical 
polarization  and  it  it  is  possible  to  decompose  on  Ei  - vertical 
component  and  E,c'''  » - horizontal  component  in  the  plane  of 
propagation. 

FOOTNOTE  1,  Hare  and  throughout  phase  is  counted  off  calative  to  Ej 
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EN  DFOOTNOTE, 

The  horizantal  coiponent  of  tetirestr ial  wave  in  the  plana, 
perpendicular  to  direction  of  propagation,  at  a great  distance  tcoi* 
transmittar  attenuates  and  it  is  equal  to  zero.  The  decrease  in  the 
horizontal  field  the  greater,  the  greater  the  equivalent  ground 
cond  uc  ti vit  y . 

The  alactric  field  from  upper  ionospheric  layers  of  wave 
reflected  contains  components;  E„c'’*  - vertical  field;  EojC'’*' 

- horizontal  fieia  in  the  plane  of  propagation;  is  a 

hotizontdl  field  in  the  plane,  perpendicular  to  the  plane  of 
propagation.. 

Ill  the  case  of  the  linear  polarization  of  the  eleotcic  field  of 
the  wave  reflected,  which  has  amplitude  Eq,  the  phase  ♦(,,  the  angle 
of  polarization  y and  the  angle  of  the  slope  of  a front  of  wave  d, 
its  components  will  be;  E.cos  ycospe'”  - a vertical  f iel  i ; Eo^os  y sin  pe''* 

- a horizontal  fiald  in  the  plane  of  propagation;  E,sinye^^*  " * 
horizontal  field  In  the  plane,  perpendicular  to  the  plane  of 
propagat ion- 

Let  ur.  designate:  ll^f,  (a,  0,  ft)  - effective  height  and 
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directional  characteristic  by  the  antenna  ot  system  for  components 
the  electric  field  of  wave  in  the  plane  of  propagation;  iliFafn,  0,  d) 
- the  saiua  characteristics  for  a component  electric  field  in  the 
plane,  perpendicular  to  direction  of  propagation. 

Sometimes  for  in  the  antenna  of  the  system  of  radio  direction 
finder  directional  characteristic  F{a,  9,  (i)  can  be  pcosanted  in  the 
form  of  the  product  of  two  characteristics;  'I'for,  fl)  - in  norizontal 
plane  anJ  f (d)  “in  vertical  plane,  i.e., 

f(a.  p.  0)=4)(a, 

where  9 is  an  angle  of  the  direction  of  the  oriented  radio  station 
with  the  initial  reference  line  of  bearing;  « is  an  angle  of  the 
orientation  of  directional  characteristic  ot  relatively  initial 
reference  line. 

Page  208. 


Let  us  writs  condition  for  the  reading  of  bearing  in  tie  general 

case; 


G{E,H,F,  («.  0.  p = 0)  + E.e’’'/y,f , (a,  B,  p ^ 90°)  + 
+E,.c'’*'[l  4-  Hf,  (a,  0,  p)  + 

-L  E„c'’-[1  + (a.  0.  p ^ 90^)  H- 

+ E.,e^-[1  + (a,  0.  p)} 


(6.1) 
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FOOTNOTE  In  til?  case  of  pcopa<jation  of  VHF  on  top,  far  example 
from  airccaft,  Ei  = La  - 0 and  Kqi , Eoa,  Eqj  in  different 
relaticnsh ip/r a ti 05  are  emitted  by  the  antenna  of  aircraft. 
ENDFOOTNOTF. 


where  ara  the  module  and  the  argament  of  the  coefficieit  of 

terrain  echo  of  the  vertically  polarized  field;  R„  <)»«  f-  the 
same  for  horizontal-polarized  field  ’ll*  is  the  delaying  phase 

earth-reflected  wave  relatively  falling  directly  for  vertical  and 
horizontal  fields;  a is  an  operation  of  determining  the  bearing 
(obtaining  the  maximum,  minimum  and  so  forth);  g is  the  required  for 
obtaining  bearing  result  (zero,  the  maximum  value  of  lug/lobe,  etc.). 

From  Fig.  6,1  it  follows  that  if  sensors  are  arrange/ located  at 
height/altitude  hn*  then  ri  in  (6,1)  will  be  (see  Fig.  6.1) 

^ ==.-  {AB  4-  SC)  = /.„  sin  p. 


I 


I 


H 


9 

% 


yi 

-•Wl 

I 

i 


a 

I 

J 


Li. 


where  AI3  and  BC  is  the  increment  of  the  ray/beain,  reflectsd  from  the 
earth/ground,  D - mirror  image  c and  BC  = BD, 
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For  d jonLonstric  ^iystem  from  n of  the  vertical  t*ira  antennas 
whrr.  thi-  separation  of  antennas  is  much  less  than  tha  wavslength,  wg 

f,  (a,  0,  P)  = sin(«  — 6)cosp. 
fi(a.  ®.  P)  = cos(«  — 0), 

5i / 


Pags  28‘J. 


li 2 dapenis  oa  the  diagram  of  coiinectiou  of  antennas  (0-, 

H-shaped,  etc,).  If.  we  substitute  these  values  in  (6.1),  then  by 
formulas  (III,  3)  - (III.  7)  can  be  calculated  »m««  and  bearing  error  Af)„, 
and  also  ratio  A/B.  Error  increases  with  an  increase  in  ratios  H2/Ht 
and  Eoa/Foi  (wlti  an  increase  y)  , and  also  with  an  increase  of  angle 
0. 


For  the  characteristic  of  the  degrea  of  susceptibility  by  the 
antenna  of  tha  systeai  of  amplitude  radio  direction  finder  to  errors 
due  to  abnormal  polarization  is  introducad  the  concept  of  the  error 
of  standard  wave  - AOct-  This  is  that  pol  ariz  ational  error  which 
appears  with  the  lirection  finding  of  one  abnormal  and 
planp'polarized  wave  reflected  when  j = ft  = 45°. 

For  a frame  radio  direction  finder  with  the  reading  of  bearing 


on  zero  audibility 
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(a,  fl.  p)  = sin  (a  — 6). 
Fi  (».  fl.  P)  •■=  cos  («  — 6)  sin  p. 


Set/aesming  in  (6.1) 

E,  = E,  = E,.=0,  E„  = E,cost,  E„=E,sinY,  ?„=?fi=0. 
from  condition  g = 0 we  will  obtain  for  the  polar izational  arror 


tgAO„  = tg(a  — 6)  = 


!,  n I + 


If  we  at  an  angle  y understand  the  angle  of  the  palarization  of 
the  resulting  wava  taking  into  account  terrain  echo  an!  to  suppose 
that  the  phases  of  the  vertical  and  horizontal  componaats  of  electric 
field  coincide^  then  we  will  obtain 

tgA6„  = tgYsinp.  (6.2) 

This  exprassLon  is  obtained  into  §3.3.  The  error  of  the  standard 
wave  of  the  fcanawork  at  y = p = 45®  is  deterained  froa  the  condition 

tgAOoT =0.707  OT  A9ct  = 35,3®. 

The  methods  of  the  practical  determination  of  polacizational 
errors  ara  given  in  chapter  9. 


DOC 


77223214 


PAGE 


Fig.  6.1.  Course  3f  ray  of  the  wave  reflected. 


Page  290. 


3.  Systems  of  radio  direction  finders,  free  from  polariz ational 
errors. 


System  with  the  diverse  franiewotH, 


The  described  (into  §3 
almost  completely  free  from 


7)  system  with  two  diverse  fcimework  is 
polarizat ional  errors,  since  the 
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horizontal  compoaant  of  the  field  reflected  is  not  ccejtai  errors 
with  direction  finding. 

Main  disadvantages  in  the  systems  with  the  divecsa  framework 
they  are; 

1.  Siarp  decrease  in  the  sensitivity  ot  system  with  the 
elongation  of  wave. 


2.  Complexity  of  engineering  goniometric  system  wLtli  diverse 
framework,  goniometric  system  of  two  pairs  of  the  diverse  framework 
whose  planes  must  be  parallel,  has  different  sensitivity  for  the 
different  angles  of  arrival  of  wave,  sensitivity  is  equal  to  zero  for 
direction  of  propagation,  perpendicular  to  the  planes  of  the 
framework. 

Is  necessary  instead  of  each  framework  to  take  two  mutually 
perpendicular  chaageJ  over  framework  (in  all  are  obtained  eight 
frameworks);  as  a result  the  system  strongly  becomes  complicated.  At 
the  same  time,  rotary  system  possesses  large  inertia,  which  increases 
time  of  the  taking  of  bearing. 

3.  Presence  in  radiation  pattern  besides  two  zeros,  i eter mining 
accurate  bearing,  an  additional  two  false  minimums  of  audibility  of 
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signal-  it  should  be  noted  that  the  lasVlatter  deficiency /lac  Ic  is 
not  /irtually  essential,  since  "the  falsa”  minimums  with  the 
direction  finding  of  the  waves  reflected  are  strongly  ace  blunted  and 
slightly  differed  from  the  true. 

Furthermore,  is  required  large  thoroughness  in  construction  and 
in  the  production  of  system  with  the  diverse  framework;  thus,  for 
instance,  it  is  nacessary  to  fulfill  with  high  accuracy  the 
parallelism  of  the  planes  of  the  framework  (0-1-0. 2®),  the  identity 
of  the  distances  of  the  framework  of  receiver,  etc. 

Systems  with  the  spaced  antennas.  Different  connection  diagrams. 

The  operating  principle  of  such  antennas  is  described  earlier 
(§§2.2,  3.0,  3.10.  Antennas,  are  constructed  so  that  the  external 
system  would  be  accepted  only  vertical  component  of  electric  field. 

Page  291. 

The  except  ion/3 li i inat ion  of  the  reoept ion/procedure  of  horizontal 
component  is  led  to  the  elimination  of  polarizational  erors. 
Sometimes  on  ultra  short  waves  is  realized  the  reception/procedure  of 
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one  horizontal  coaponent  of  field. 

Tlis  siwplsst  system  is  the  so-called  H-shaped  systea  (K-shaped 
system).  The  pattern  of  the  connection  of  the  vertical  wire  antennas 
in  H-shaped  system  is  shown  in  Fig.  6.2. 

Emf  from  each  of  the  vertical  wire  antennas  will  be 
feed/conductei  to  coils  K by  the  horizontal  pairs  of  the  wires  of 
identical  size/dimension  (be  = ci.  = hg  = ge),  arranga/located  at  very 
close  distance  from  each  other.  As  a result  of  the  complete  identity 
of  wires  in  tham,  they  are  induced  under  the  effect  of  horizontal 
electrical  field  of  emf  of  identical  value  and  identical  phase. 
Difference  these  amf,  forming  voltage  on  coil  K*  is  agual  to  zero*  so 
that  on  system  oparates  only  vertical  component  of  electric  field. 
Therefore  po  lar  izat  iona  1 errors  must  be  absent. 

in  order  to  ensure  the  absence  of  ceception/proceiura  to  the 
horizontal  parts  >f  the  antenna,  are  necessary  not  only  the  equality 
of  the  lengths  of  horizontal  wires,  but  also  identical  laads  at  their 
end/leads.  Tha  load  of  horizontal  wires  are  the  upper  and  lower 
halfdipoles  ab,  ae  and  HF,  df  whose  parameters  in  the  gaaaral  case 
are  different  lua  to  their  location  at  the  different  height/altitude 
above  the  earth/gc ound. 
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On  stioct  an!  ultL'a  short  waves  sonetiiBes  for  the  equation  of 
loads  from  halfdipoles  they  raise  above  the  earth/ground  antice 
antenna  system.  It  is  possible  lower  halfdipoles  to  take  somewhat  of 
the  smaller  length  than  upper,  but  by  these  they  steady  from  upper 
and  lower  halfdipoles  only  in  narrow  frequency  band. 
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Fig.  6.2.  H-shapsi  system  of  spaced  antennas. 


Page  202.  ■ 

i 

■i 

Therefore  this  method  of  a decrease  in  the  polarizationiL  errors  must 
not  consiier  acceptable  for  a wide-range  radio  direction  finder. 

Furthermore,  tha  optimum  difference  in  the  lengths  of  upper  and  lower  ^ 

' 1 

halfdipolea  depends  on  the  parameters  of  soil,  i.e.,  it  is  variable 

for  the  different  building  grounds  of  radio  direction  finier.  The 
nearer  the  parameters  of  soil  to  dielectric,  the  lesser  its  effect  on 
asymmetry- 

other  reasons  for  the  polarizational  errors  in  H-shaped  system 


they  are: 
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a)  terrain  a::ho  of  the  field,  created  by  current  in  the  screen 
of  fe“df»'  and  tha  induction  to  them  ewf  in  vertical  condutors. 

b)  the  pcesaace  of  the  comiaunicat ion/connection  between  the 
wires  of  feeder  and  input  circuit  of  receiver. 

The  analysis  ot  the  components  of  the  polarizational  error  of 
H-shaped  system  is  given  in  [6-5]. 

H-shaped  system  can  be  applied  in  the  form  of  tha  rotary  pair  of 

# 

antennas.  In  its  this  form  frequently  they  utilize  on  short  and  ultra 

.15 

short  waves.  Antenna  system  rotates  around  motionless  cacaiver  or 
together  with  it.  ^ 

It  is  possible  to  also  apply  goniometric  H-shaped  system,  ♦ 
Goniometer  with  rsceiver  in  this  case  they  place  in  cabin,  which  is 
located  in  the  center  of  antennas. 

On  long  waves  the  lower  parts  of  the  vertical  wire  antennas  (dt 
and  iu;  in  Fig,  6.2)  are  taken  usually  shorter  than  upper,  and  for  the 
balancing  of  the  load  of  horizontal  wires  in  lower  wires,  are 
connected  the  agualizing  capacitance/capacities  C (2ig.  3.3).  In  this 
form  H“shaped  system  is  called  that  which  was  balanced  {or 
equilibrium).  To  fit  capacitance/capacity  C so  that  they  weio 
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equivalent  to  ttia  Load  from  upper  dipoles  on  large  vave  band,  is 
difficult.  Balancing  of  H-shaped  systeai  is  applied  therefore  with  the 
limited  wave  band. 


Are  known  ttia  cases  of  applying  the  balanced  H-shaped  system, 
also,  oh  short  waves. 
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Fig-  6.3.  Halancad  H-shaped  system. 


Page  293- 

In  VHF  range  sometimes  is  realized  antenna  system  with  the 
dipoles  whose  oriantation  can  be  changed  for  the  reception/procedure 
either  of  horizontal  or  vertical  electric  field  (Fig-  3.51). 

T 

Qhe  error  of  the  standard  wave  of  the  virtually  realized 
H*shaped  systems  lie/rests  within  limits  [1.10]; 

at  frequencies,  close  to  10  MHz,  4°, 


at  ftrequencias , close  to  1 MHz,  3® 
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at  frequencias,  close  to  0,3  MHz,  4-8°. 

Widest  use  will  receive  besides  the  described  two  systess  als*^'  a 
U-shapcd  system  aad  system  with  conversion  tcansfocmecm. 

Operating  principle  U-shaped  of  system  is  shown  in  Fig,  6,4.  The 
rece ption/proceduc e of  the  horizontally  polarized  component  of  the 
electric  field  of  electromagnetic  waves  they  strive  as  far  as 
possible  to  decrease.  For  this,  are  placed  the  horizontal  parts  of 
the  antennas  (feeders)  at  certain  depth  on  the  order  of  1,5-2  m, 
where  the  horizontal  field  is  attenuate/weafcened  *,  and  also  is 
applied  the  systaa  ol  the  grounding  of  the  shell  of  feeders. 


FOOTNOTE  1.  Feeders  ace  placed  below  depth  of  soil  freezing  where  the 
parameters  of  soil  are  more  constant  during  one  year.  ENDPOOTNOTE. 

The  degree  of  the  weakening  of  the  horizontal  intensity  of  field 
at  depth  2 m due  to  absorption  in  the  eacth/ground  is  shown  in  Fig. 
6.5  for  the  case  of  two  soils: 
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• = 10,  9=10"*  — ^ 6.5,^)  — ijJi^kHan  no'ioa, 

t • M 

ti=5,  a = (p^.  e.fj.o)  — cVx^aH  noHBa. 

Key:  (I).  0*ni.  (2),.  Pi^.  (3).  humid  soil.  (4).  dcy  sail. 

Pirom  curve/gf^phs  it  follows  that  at  depth  2 m with  a ~ 10“^ 
1/Q*n:  the  minlmua  wedKeniisy  of  the  horizontal  componant  in  the  range 
of  waves  20-3000  i ranges  from  2 to  7.5  times.  With  w * 13"*  1/0»»  it 
changes  from  8 j 16  cimes. 

Thus,  with  ground  conductivities  less  than  10'*  1/i2*iii, 
especially  on  short  waves,  weakening  is  very  small  and  one  fill-up  of 
feeders  into  the  aarth/ground  operates  not  very  effectively. 
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Fig.  6.4.  n-shape3  s?yst0m. 
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»> 


- 1 


Fig.  6«5.  Weakeniag  of  the  horizontal  coaponant  of  fiell  at  depth  2 
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Key;  (1).  MHz.  (2|  Weakeniag  by  horizontal  component,  times. 


Page  29'). 

If  horizontal  electric  field  excites  in  the  shell  of  feeder 
certain  voltage/stress  £o6.  then  by  applying  careful  grounding  of. 
the  end/leads  of  the  shell  of  feeder  it  is  necessary  to  attain  a 
maximum  dacrease  in  this  voltage/str ess  on  the  end/leads  of  the  shell 
and  in  feeder. 


The  harmful  » oltage/stress,  transmitted  from  shall  into  feeder. 


will  he 


£4.= 


k£n« 


z, 

Z%  "t  Zoi 


where  . Z,  is  rasistor/resistance  of  grounding  of  the  ani/lead  of 
the  shell  of  feeiar;  Zqo  “ the  resistor/resistance  of  the  half  of 
the  lengtti  of  shall,  Z„o=  ypotgOT,/,;  mo,  Po  - propagation 

constant  and  the  wave  impedance  of  shell;  ^ is  a half  of  the 
length  of  shell;  It  - the  coefficient  of  the  transmission  of  the 
voltage/stress  from  the  end/lead  of  the  shell  into  the  feeder  of 
antenna. 

Than  is  less  i*^«,  how  carefully  is  done  grounding,  those 
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less  E*  and  is  better  the  polar izational  protection  of  U-shaped 
system. 

Besides  a good  grounding  under  antennas  for  a decrsase  in  the 
harnful  effect  of  horizontal  field,  is  applied  the  supplaaenta cy  long 
wire,  connectel  with  the  shell  of  feeder  and  packed  in  the 
earth/ground  its  as  continuation  (Pig.  6.6).  By  this  is  reached  the 
symmetrical  location  of  the  vertical  wire  antenna  of  relatively 
secondary  horizontal  field  and  decreases  the  action  of  tiis  field  on 
antenna.  The  extension  of  the  wire  can  be  grounded. 


Pig.  6.6.  Supplementary  elongation  of  feeder. 
Page  296. 
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Fig-  6.7.  CoraparlsDn  dE  results  o£  direction  finding  by  framework  and 
U-shaped  system:  a)  good  results;  b)  average  results;  poor 


results 
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53  ^ 

Key:  O)*  hour  after  approach.  (2).  PramaNork.  (3).  Systai  with  the 
spaced  antennas.  (4).  Error,  deg.  (5),  Time. 

Page  297. 

Depending  on  the  conditions  of  propagation,  the  guality  of  the 
work  of  U-shapei  system  can  somewhat  change.  Figures  6.7  gives  good, 
average  and  poor  results  of  the  work  of  U-shaped  systan  [1.101. 

U-shaped  system  with  the  buried  into  the  earth/grouni  feeders  is 
applied  in  places  with  large  ground  conductivity,  when  a >/  10' » 

Vt}*ni..  With  such  soils  is  observed  the  noticeable  weakening  of 
horizontal  field  at  depth  1.5-2  m and,  furthermore,  sufficiently  is 
easily  attained  a good  grounding  of  shells  of  feeders. 

For  the  best  protaction  from  the  reception/procedure  of 
horizontal  field,  it  is  possible  the  feelers  of  U-shaped  system  to 
place  above  or  under  counterweight  in  the  form  of  wire  gauze,  A 
radius  of  counterweight  for  each  antenna  is  designed  from  that 
consideration  so  that  not  less  than  90o/o  power  of  radiation  current 
would  be  closed  to  counterweight.  This  frequently  is  led  to  the  fact 
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that  a radius  of  oountervfiight  is  obtained  the  equal  to  thrse*'four 
heights  of  antennis«  Vorlc  [(i.7]  gives  the  calculation  of  the  optinum 
number  of  wires  of  grid  during  their  laying  along  radii  under  each 
antenna*  The  pattern  of  the  fulfillment  of  the  grid  of  ciiio 
direction  finder  is  shown  in  Pig.  6.8,  Grid  consists  of  square  cells 
with  side  d. 
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Fig.  6,8.  ScheaatLC  focm  of  grid. 

page  298. 

The  separation  cai  ba  calculated  from  the  condition  so  that  the 
overall  length  of  wires  during  parallel  laying  was  equal  to  the 
length  of  wiras  with  their  radial  location.  If  according  to 
calculation  according  to  [6.7]  radius  of  grounding  uaiac  each  antenna 
it  is  equal  to  r,  the  number  of  wires  n,  then  the  separation  in  mesh 
is  obtained  equal  by  d irr/n. 

Grid  usua  lly  assembles  circular  shape,  with  radius  R = b > r (2b 


DOC  = 77223214 


PAGE 


- the  sepsratLan  af  antennas) , On  the  peciaeter  of  grid,  are  soldered 
the  lengthening  wires  whose  length  one  should  fit  so  that  would  be 
realized  the  effective  grounding  on  the  perimeter  of  grid  on  all 
freguency  band  of  the  radio  direction  finder,  i*e«, 

resistor/resistance  earth  refatenced  of  the  soldered  to  the  perimeter 
of  grid  wire  must  be  equal  to  zero.  For  this,  along  the  length  of 
wires,  must  be  placed  the  odd  number  of  quarter  wavelengths  of  radio 
direction  finder  (taking  into  account  the  shortening  of  wave  in 
soil).  The  total  number  of  wires  is  selected  order  100  with  the 
alternating  lengta,  calculateii  for  the  different  waves  of  range. 

Figures  6.9  shows  results  of  use  of  wire  gauze  with  soil  by 
conductivity  « = Diameter  of  grid  31  m,  tha 

size/dimensions  of  mesh  0.6  x 0.6  m.  Is  investigated  radio  direction 
finder  with  4 spaced  antennas;  the  height  of  antennas  7.3  m, 
separation  7.3  m.  Feeders  are  placed  to  the  earth  directly  under 
• d. 


In  Fig.  6,9  are  plotted  the  polariza tional  errors  which  are 
determined  at  fraguencies  3-9  MHz  with  the  aid  of  the  heterodyne, 
raised,  so  that  angle  6 = 11°. 
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Pig.  6.9.  Polar izi tiona  1 errors  of  l}-shape<3  systea  with  grid. 

Key;  11).  Error  of  polarization,  deg.  (2).  MHz, 


Page  299. 

Angle  y it  conposss  75®.  In  curve  1 are  plotted/applied  the 
polarizational  errors  of  system  without  grid,  in  curve  2 • with  grid 
with  the  soldered  to  its  edges  36  groups  of  wires,  each  group 
consisiting  of  three  wires  in  consecutively  changing  20,  15,  11  in 
length  (a  total  of  of  108  wires).  Curve  3 gives  errors  with  the  same 
grid  with  36  groups  of  wires,  each  of  two  wires  with  a length  of  1 5 ro 
even  25  m (72  wires) . In  curve  4 for  a comparison  are  shown  the 
polarizational  errors  of  the  same  direction  finder  during 
installation  on  soil  with  good  conductivity  a = 3*10"*  1/3  •«  and  with 
buried  on  depth  1,  5 m feeders  [6.4]. 


DOC  = 77223214 


P^GE  -W- 


On  t.hf>  basis  oi  available  material,  it  is  possibla  ts  arrive  at 
the  conclusion  that  during  the  application/use  of  a aetalL izat ion  of 
the  surface  of  soil  it  is  possible  to  estabiish/install  0- shaped 
system  in  soils  with  the  average  conductivity,  greater  than  10“3 

In  ground  jonductivities  10"*  1/Q«ia  and  less  one  should  apply 
H-shaped  system. 

In  [6.8],  is  described  the  simplified  method  of  the 
metallization  of  the  earth/ground  in  by  four-antenna  to  U-shaped 
system  in  the  range  of  frequencies  1-7  MHz,  which  consists  in  laying 
above  each  feeler  of  the  antenna  not  of  circular  grid,  but  metallic 
band  meshes. 

Let  us  note  the  difference  in  the  method  of  the  eliiination  of 
the  reception/pcocedure  of  the  horizontal  component  of  electric  field 
in  n-shaped  and  H-shaped  systems.  In  U-shaped  system  this  elimination 
is  based  on  the  screening  of  horizontal  feeder.  In  H-shaped  system 
the  recaption/procedure  of  horizontal  field  is  eliminated  as  a result 
of  mutual  compensation;  the  loads  of  both  wires  of  horizontal  feeder 
must  be  completsLy  identical,  i.e.,  system  must  be  sy msatrical , which 
is  virtually  connected  with  those  determined  to  difficulties. 
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In  syptem  with  conversion  transformers  (Fig«  6.10)  Is  placed  the 
problem  to  facilitate  the  achievement  of  the  symmetric  loading  of  two 
wires  of  aori2ontal  feeders.  The  lengths  of  the  halves  of  the 
vertical  wire  antennas  are  different.  In  order  to  eliainate  the 
effect  of  the  dissimilarity  of  loads  from  these  antennas  on  the 
horizontal  wires,  the  latter  are  included  through  conversion 
transf ornia rs  wita  small  capacitance/capacities  between  windings. 

Page  300. 

The  lesser  thasa  capacitance/capacities,  the  lesser  is  developed  the 
asymmetry  of  vertical  condutors  and  the  lesser  the  error  of  radio 
direction  findar  due  to  the  reception/procedure  of  horizontal 
electric  field. 

It  is  possible  in  the  lover  halves  vertical  dipolas  to 
iaclude/connect  compensating  chains  (on  the  long  waves  of 
capacitanco/capaclty) . Then  is  obtained  system  transforaac  balanced. 


-3 


a 


cU 


.'i 

■A 

j 

-1 


Is  applied  also  transformer  system  with  the  grounded  vertical  j 

'4 

wire  antennas..  In  this  system  for  a decrease  in  the  -i 

reception/procedure  of  the  horizontal  component  of  elsctcLc  field,  is  | 

required  oesidas  small  capacitaiice/capacities  between  the  windings  of 
transformer  the  eyen  better  grounding  of  the  vertical  wire  antennas.  i 
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As  will  ba  stown  that  the  characteristic  of  susceptibility  by 
the  antenna  of  system  polarizational  to  artors  was  intradaced  the 
error  of  standard  wave. 

In  the  U-shaped  system  of  radio  direction  finder  and  in  other 

A 

systems  wnose  feaiers  are  placed  in  the  earth/ground  or  it  is  close 
above  the  earth/gcound  at  height/a Itituda  less  and  in  presence 

of  one  coming  in  from  above  electromagnetic  field,  the  polarizational 
error  is  completely  determined  by  the  angle  of  the  slaps  >f  a front 
of  wave  ^ and  polar izatio.  y of  electrical  field  component.  These 
systems  tuey  characterize  by  the  error  of  standard  wave. 

For  the  raihjd  H-shaped  system,  especially  on  the  ultra  short 
waves  where  delivery  head  can  reach  several  wavelengths,  the 
differences  of  the  phases  between  that  waich  falls  and  that  which  was 
reflected  from  the  earth's  surface  {or  sea)  the  components  of 
electric  field  foe  vertical  and  horizontal  polarizations  they  can  be 
different.  Because  of  this  to  the  maximum  of  total  field  (directly 
coming  in  and  reflected  from  the  earth/ground)  for  horizontal 
polarization  can  correspond  the  minimum  of  total  field  foe  vertical 
polarization  and  vice  versa. 
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Fig-  6.10.  Antanii  circuit  with  tr ansf oraers. 


Page  301. 

Thui'.,  at  tha  point  of  direction  finding  considerably  changes  tUa 
relat  i'^nsh  ip/ratio  of  horizontal  and  vertical  electric  fields.  The 
polarization  of  t.ia  resulting  field  depends  on  distanca  of 
transmitter  and  delivery  head  by  the  antsnna  of  the  systai  of  radio 
direction  finder.  This  can  lead  to  appearance  at  short  distances  front 
the  transmitter  of  large  polarizational  errors  (the  horizontal 
component  of  electric  field  it  is  great,  in  vertical  closa  to  zero). 
At  large  distances  from  transmitter,  when  the  angle  of  incidence  of 
wave  front  becomes  more  than  the  angle  of  slip  of  Brewster,  phase  of 
reflection  coefficients  for  a vertical  and  horizontal  electric  field 
they  become  identical  and  the  relationship/ratio  between  vertical  and 
horizontal  radiation  fields  is  retained  during  change  in  altitude. 
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So  at  fcequf>ncy  130  MHz,  diirin>}  the 

arrangen>ent/per mutation  of  H-shaped  system  at  height/altitude  4A  and 
during  propagatiaa  above  humid  soil  (a  = 10"*  h.  =10) 

Brewster  angla  is  equal  to  20®  and  with  the  direction  finding  of 
aircraft  which  flies  at  height/altitude  1500  n,  the  described 
phenomenon  occurs  at  distances  to  4« 5 km;  above  sea  tha  angle  of  slip 
of  Brewstar  is  equal  to  84®  and  this  distance  reaches  to  1 6 km.  At 
large  distances  tie  real  relationship/ratio  between  the  vertical  and 
horizontal  components  of  electric  field  is  restored. 

For  this  reason  susceptibility  to  the  polarizational  errors  of 
the  raised  on  height/altitude  antenna  systems  of  radio  direction 
finder  to  conveniently  characterize  by  the  relation  of  effective 
height  foe  the  horizontal  and  vertical  electric  fields  Hi/Hi  for  any 
angle  of  incidanca  in  the  determined  parameters  of  soil. 

This  same  taa  parameter  is  convenient  for  the  characteristic  of 
susceptibility  to  the  polarizational  errors  of  phase  radio  direction 
finder. 


To  compara  ia  the  relation  to  the  polarizational  errors  of  two 
radio  direction  finders,  if  the  characteristic  of  susceptibility  to 
polarizational  errors  of  one  of  then  is  assigned  in  the  form 


is  difficult 


page  302. 

At  the  large  angles  of  the  slope  of  a front  from  the  ionosphere 
of  the  radio  waves  reflected  of  radio  direction  finders  with  the 
spaced  vertical  wire  antennas,  increases  the  relation  of  voltages 
from  horizontal  and  vertical  components  electric  field  and  increase 
polarizational  errors.  Occurs  this  because  with  an  increase  d 
reception  of  vertical  field,  proportional  cos*  decreases,  but  the 
reception  of  horizontal  field  barely  depends  on  angle  3.  On  short 
waves  the  range  of  the  steep  waves  when  increase  polarizational 
errors,  is  located  on  distances  to  400-500  lim  of  radio  transmitter. 

Furthermore,  with  an  increase  in  ths  wavelength  deteriorates  the 
relationship/ratio  of  vertical  and  horizontal  receptions,  since 
effective  height  for  a vertical  field  falls,  and  tor  horizontal  it  is 
retained  approxiiately  constant. 

System  with  the  diverse  framework  does  not  possess  these 
deficiency/lacks,  since  in  it  voltages  from  the  reception  of  vertical 
and  horizontal  fields  are  proportional  to  cos  p,  i. e. , they  fall 
simultaneously  with  an  increase  3.  The  relation  of  the  reception  of 
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horizontal  ani  vertical  fields  of  this  systviin  does  not  depend  the 
odes  of  wavelength. 

Let  us  give  some  statistical  materials,  characterizing  RDP 
systems  with  spaced  antennas  [1.10] 

Fig.  6.11  ani  6.12  gives  percentage  error  distributions  of 
bearings  in  night  time  on  systems  by  0-shaped  shielded,  balanced  with 
transf orniars  and  obtained  on  rctatable  loop.  These  figures  ace  the 
result  of  processing  several  thousands  of  night  observations  on 
mediura-f requency  waves. 

It  is  interesting  to  compare  the  mean  square  errors  of  the 
indicated  systems,  obtained  as  a result  of  these  experiments.  In  Pig. 
6.11  mean  square  errors  are  equal;  U-shaped  system  shisllad  2%4®, 
rotatable  loop  12. 4o.  In  Fig.  6.12  mean  square  errors  ara  equal: 
system  balanced  with  transformers  1°,  rotatable  loop  3.4°, 

Page  JOJ. 

If  all  results  are  converted  to  the  mean  square  error  of 

rotatable  loop  into  12. then  we  will  obtain  the  following 

comparative  errors  of  systems  in  the  degrees;  rotatable  loop  12.4; 

system  U-shaped  shielded  2.4;  transformer  balanced  (balanced)  system 
15 


1 

■ « 
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PLora  the  comparison  of  given  data  with  the  error  of  standard 
wave  of  fcameworh  (35*3®)  it  is  evident  that  the  average  guadratic 
-operating  error  comprises  approximately  35-40o/o  of  error  of  standard 
wave.  Hence  it  is  possible  to  draw  a conclusion  about  the  permissible 
error  of  standard  wave  with  the  assigned  operating  error. 


Were  the  attampts  to  use  for  the  compensation  for  ths  reception 
of  horizontal  field  to  the  framework  the  supplementary  horizontal 
wires,  connected  with  framework  [6.6]«  However,  such  systaas  did  not 
find  practical  application/use  as  a result  of  the  high  dependence  of 
the  required  compensation  on  fceijuency  and  soil  of  the  installation 
of  radio  direction  finder. 
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Fig.  6.11,  Coaparison  of  the  accuracy  of  direction  finling  by  the 
framework  and  the  U-ahaped  system. 


Key:  (1)  Errors.  (2).  Shielded  U-shaped  system  (4500  observations). 
(3).  Framework  (3500  observations).  (4).  Error,  deg. 


Fig.  6.12.  Comparison  of  the  accuracy  of  direction  finding  by  the 
framework  and  the  balanced  system  with  transformers. 

Key:  (1)  errors.  (2),  system,  balanced  with  transformer  (3549 
observations).  (3).  Framework  (3530  observations).  (4),  Error,  deg. 


Page  304 
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Circular  antenna  systems  with  acute/sharp  directional 
characteristic  to  a lesser  degree  are  subjected  to  polarizationa 1 
errors,  than  system  with  cosinusoidal  characteristic,  for  the 
following  reasons; 

a)  the  average  value  of  the  projection  of  feeders  on  any 
direction  smaller  than  the  diameter  of  spacing  of  the  antennas; 
consequently,  the  less  effective  height  for  a horizontal  electric 
field; 

b)  the  voltages  in  feeders  store/add  up  not  cophasally; 

c)  feeders  have  the  bf’st  screening  because  of  the  large 
size/dimensions  of  wire  gauze  of  grounding. 

The  protection  of  phase  systems  on  polar izational  errors  depend 
on  the  workmanship  of  an  antenna-fee ler  system. 


System  with  pulse  transmission 
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To  decrease  the  polarizationa 1 errors  is  possible,  applying  in 
the  oriented  transmitter  pulsing.  For  the  realization  af  this  method 
of  direction  finding  transmitter,  intended  for  direction-finding, 
must  be  supplied  with  special  equipment /device  for  the 
emission/cadiat ion  of  niomentum/impulse/pulses*  In  this  case  not  the 
output  of  receptor  is  included  the  cathode-ray  tube  on  screen  of 
which  it  is  observed  both  momentua/lmpulse/pulse  of  terrestrial  wave 
and  the  moraentu m/impulse/pulses,  reflected  from  ionospheric  layers. 
Virtually  it  is  possible  to  obtain  several  (to  6 and  aora) 
reflections  from  layer  E,  several  (two  and  more)  reflections  from 
layer  F,  and  also  the  diffuse  reflections,  near  and  remote.  Images  on 
the  screen  of  cattiode-ray  tube  lag  behind  each  other  to  the  time, 
caused  by  the  supplementary  distance  of  propagation,  determined  by 
the  height/altitude  of  reflecting  layer  and  by  level  of  reflection. 

The  schematic  diagram  of  equi pment/i e vice  for  a pilss  radio 
direction  finder  is  shown  in  Fig.  6.13. 

The  momentuiD('impulse/pulses,  taken  by  the  framework  or  another 
directional  antenna,  create  voltage  on  one  pair  of  plates  of 
cathode-ray  tube.  To  another  pair  of  plates,  is  fed  the  sweep 
voltage,  synchronized  by  the  local  oscillator  of  low  frequency  whose 
frequency  is  regulated  to  its  coincidence  with  the  pulse  repetition 
frequency  of  transmitter.  Then  on  the  screen  of  cathode-cay  tube  are 
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obtained  on  the  medium- frequency  vaves  of  ioage,  analogous  Pig.  6.14 

Page  305. 

The  first  peak  corresponds  to  terrestrial  wave  (Fig.  6.  Ha),  the 
second  (but  sometimes  and  the  third),  that  caae  is  soaswhat  later, 
corresponds  to  reflection  from  layer  E (Fig.  6.14b),  Ej  - the  first 
reflection  from  layer  E,  Ej  - the  second  so  forth. 

Direction  finding  is  reduced  to  the  rotation  of  Ecaiawotk  or 
search  coil  of  goniometer  and  finding  of  the  situation,  when 
disappears  the  image  of  the  first  peak  from  ground  ray  (Fig.  6,14c). 
This  method  of  direction  finding  is  led  to  release  from 
polarizational  errors,  but  it  it  is  possible  to  use  with  mission  tim 
of  mumentum/iapulse/pulse  only  up  to  determined  distances  from 
transmitter,  thus  far  the  pulse  duration  is  not  greater  than 
difference  in  the  transit  time  of  terrestrial  and  reflected  waves. 
Knowing  the  pulse  duration  and  being  given  the  height/alti tude  of 
reflecting  layer,  it  is  possible  to  calculate  the  maximum  distances 
of  direction  finding. 
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Fig,  6.13.  schenatic  diagram  of  pulse  radio  direction  finder. 

Key:  (1).  Feed.  (2J  . Time/temporary  scan.  (3),  Pulse  signal*  . 
Heceivec.  (5).  Amplifier  is  low,  it  is  frequent,  (6).  Switch 
“Bearing-Aux.  casaivec”.  (7)  . Circuit  of  scan.  (8)  . Aux.  receiver. 
(9).  inclusi ve-of C . (10),  Frequency  regulator  of  scanning/sweep. 
<11).  Telaphones.  (12).  The  regulator  of  1-f  aaplifier.  (13).  Feed. 

J\ L Jih_JU  JU ^ 

!>/) 

Fig.  6.14.  laage  on  screen  of  cathode-ray  tube.  (Sweep  fraquency  is 
two  times  greater  than  the  pulse  repetition  frequency). 
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Fig-  6.15.  Images  of  moinentuni/impulse/pulsea  under  different 
conditions  of  propagation  of  short  radio  waves. 


JUAii  Jivju. 


Fig.  6.16.  Ranges  of  diffuse  reflection. 


Key;i  (1).  Radio  transmitter.  (2).  Radio  direction  finder. 

Page  306. 

on  short  waves  at  tube  face,  appear  the  images  of  riy/beams  as 
at  Fig.  6.  15. 

In  Fig-  6.15a  after  the  image  of  ground  ray  (ZL)  there  are  two 
groups  of  scattered  rad..ation  S and  LS  whose  sources  ace  at  different 
distances  from  direction  finder. 


Figures  6.16  depicts  the  predicted  paths  of  radiowavs 


propagation  for  obtaining  image  analogous  Fig.  6.15a.  By  crosses  are 
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■arked  the  possible  ranges  of  diffuse  reflection  froa  the  ionosphere 
(Si  - the  near  range  of  scattering,  Sg  - the  renote  range  of 
scattering).  In  Fig.  6.15b  the  detachable  wave  follow  the  reflections 
fron  layer  F (single  F|,  twofold  Fg  and  triple  Fs) . Inage  Fg  is  lost 
against  the  background  of  the  scattered  (distant)  reflection  is.  In 
Fig.  6.15c  terrestrial  wave  is  absent.  Image  F^  almost  overlaps  with 
diffuse  reflections,  under  specific  conditions  can  appear  also  the 
images  of  reflections  from  layer  E. 

Page  307. 

It  is  possible  to  carry  out  direction  finding  on  any  of  the 
depicted  momentua/impulse/pulses.  On  terrestrial  wave  an  short  waves, 
the  bearing  is  rel iable,  hk*t)»eerror  due  to  reflection  are  absent. 

Bearing  on  first  reflection  from  layer  E is  most  reliable  of  the 
bearings  on  the  reflected  beams,  since  from  layer  E wave  comes  most 
hollow,  also,  with  minimum  lateral  deviations. 

A def iciency/lack  in  the  method  is  the  wide  emission  band  of 
transmitter  and  the  creation  because  of  this  of  the  interferences  in 
pulse  transmission  to  adjacent  channels  of  coamunication/connection. 
The  receiver  of  radio  direction  finder  must  possess  tha  broad 
passband  of  frequencies.  So,  with  the  duration  of 

momentum/impulse/pulse  300  ps  the  passband  of  the  frequencies  of  the 


DOC  = 77223215 


PAGE  44-. 


^6^ 


receiver  must  be  order  5 JcHz,  with  the  duration  of 

aomen tum/impulse/pulse  0.5  jjs#  the  passband  of  the  fcagueacies  of  the 
receiver  must  be  3*  10*  Hz. 

Another  metuod  of  pulse  direction  finding  is  described  into  § 

8.7. 


6.U.  Lateral  daviations  of  the  radio  waves  of  skip  band. 


With  the  reflection  of  electromagnetic  waves  from  the  ionosphere 
on  short  waves  besides  a change  in  the  plane  of  polarization,  are 
observed  the  phenomena  of  lateral  deviations  and  radio  interference. 

As  a result  of  the  fact  that  at  reflecting  layer  has  the 
changing  in  time  .lorizontal  gradient  of  ionization,  the  surface  of 
layer  seemingly  become  undulating.  As  a result  in  any  point  of  layer, 
appear  the  changing  in  time  slopo/inclinat ions,  calling  the  lateral 
deviations  of  radio  waves,  i.e.,  the  bearing  error  and  change  in  the 
angle  p.  Table  6,1  gives  the  root  mean  square  values  of  the  angles  of 
the  slope  of  layers  E and  P and  the  average  speed  of  thair  change 
into  the  daytime  are  frequent  under  conditions  of  calm  ionosphere 
[6-11].  The  PMS  slope  angles  change  approximately  invarsaly 
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proportional  to  fcequ«ncy.  Rate  of  change  in  the  slope/inr lina tion 
lie/rests  within  Limits  0,4-0. 5 deg/min.  In  night  hours  in  summer  the 
angles  of  the  slope  of  layer  increase  not  considerably  in  comparison 
with  the  daytime,  while  in  night  hours  in  winter  and  during  the 
ionospheric  disturbances  - to  two  and  are  more  once. 

Page  308, 

when  wave  passes  in  the  plar.'^,  which  separate/liberates  the 
darkened  part  of  the  earth/ground  of  that  which  was  illuainated  is 
obtained  the  horizontal  gradient  of  ionization,  which  appears  as  a 
result  of  illumination  change.  Calculations  show  that  for  this  reason 
the  slope/inclination  of  layer  cannot  oe  more  than  1®. 

The  period  of  slope  deviation  for  any  direction  of  raflection 
varies  from  one  to  30  and  more  minutes. 

Any  slope/inclination  of  layer  can  be  decomposed  on  transverse 
and  longitudinal.  The  lateral  deviations  of  radio  waves  ace  caused  by 
the  transverse  slope/inclinations  when  standard  to  layer  is  deflected 
in  the  plane,  perpendicular  to  the  plane  of  great  circle,  the 
containing  direction  of  propagation.  Longitudinal  slope/lnclinations 
(standard  to  layer  is  deflected  in  the  plane  of  great  circle)  are 
produced  change  in  the  angle  The  oscillation/vibratioas  of  the 
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alope/incl inations  of  layer  are  led  to  slow  changes  in  the  bearing  in 
time  with  the  period  of  change  from  1 to  30  nin  and  lore. 

Let  us  designate;  tp  is  an  angle  of  the  rotational  axis  of 
layer  with  the  plane  of  wave  front;  5 is  angle  of  the  slope  of  layer 
of  relatively  horizontal  plane;  ftcji  is  a height/altitude  of  layer;  D 
- distance  is  transmitter  - direction  finder. 
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Table  6.1,  Effective  values  of  the  slope/inclination  of  layers  % 
according  to  data  [6.11]. 
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100—130 

1.1 

1.4 

1.8 

0,5 

0.5 

230—330 

1.4 

1.4 

2 

0,6 

i 0.5 

1 

260—620 

1,8 

1.4 

2,4 

0.4 

0.3 

240—500 

1.5 

1.1 

1,8 

1 

0,4 

0.4 

Key:  (1).  Reflection  frora  layer.  (2).  WHz,  (3).  Equivalent 
height/altitude,  Km.  (4).  Average  quadratic  angle  of  the  3lope«  deg, 
(5)  , Average  rata  of  change  of  angle  of  the  slope  deg/ain.  (6) 
common/general/total.  (7)  (ordinary)  . (8)  (extraordinary)  • 
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7ig.  6.17.  Error  lue  to  lateral  deviation, 
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Page  309. 

Then  with  single  reflection,  as  this  follows  fro*  Fig.  6.17 
(earth/ground  it  is  assuned  to  be  the  plane) , the  azlauth  deviation 
of  radio  waves  Ai  from  the  plane  of  great  circle  tcansaitter  - 
direction  finder  will  be 

IgA,  ==^tg(4sin«|»).  (6.3) 

r 

{^an  higher  layer  and  the  lesser  the  distance  betwaea  the 
transmitter  and  the  direction  finder,  the  greater  the  error  Aj  due  to 
the  slope/inclrnation  of  layer. 


In  {6»3)  ”0#  where  is  an  angle  of  incidence  in 

the  wave  on  layer;  therefore 

^ tg  A,  = tg{8sin|-)ctgT,.  (6.3') 

(5^'.on  consideration  of  the  sphericity  of  the  earth/graund  formula 
(6.3*)  assumes  the  form 

tg  A,  = tg  (8  sin  ')>)  ctg  <pe  cos 

where  <d  is  a half  of  the  central  angle  between  the  transmitter  and 
the  direction  finder.  For  the  small  distances 

cos<D»al  H tg  A,  = tg(8sin^)ctg<p,. 


For  the  large  distances  ^nd’ 

cos  'h  « sin  <p,  ^ tg  A,  — tg  (5  sin  •!»)  cos  f,. 
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If  one  considers  that  with  reflection  from  layer  Fg  the  angles  of 
incidence  lie/rest  within  limits  00  ~ 30-70®,  then  must  be  fulfilled 
when  <)(  = 90®  equality  tg  = (0.3U-1,73)  tg  6 or  appro* ioately  at 


small  angles  fi 


A,  = (0,3-1- 1,73)  5. 


the  presence  of  two  reflections,  if  the  first  af  them  is 
characterized  by  values  6|,  Ao«i.  the  second  - by  values  6g, 
the  complete  lateral  deviation  of  emlss ion/radiation  will  be 

/I 

uaing  the  statistical  characteristics  of  lateral  deviations 
at  two  mirror  points  identical  and  = we  will  obtain 

that  depending  on  the  statistical  communication/connactlon  between 
slope/inclinations  5i  and  the  variance  of  error  of  bearings  will 
be:  - in  the  absence  of  the  correlation  between  6|  and  6g  Aj  = 10A“ 


1 6 

- during  the  total  correlation  *' 


With  an  increase  in  the  number  of  reflections  of  error  due  to 
lateral  deviations  rapidly  they  increase.  In  all  cases  with  the 
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number  of  reflections,  greater  than  one,  the  nearer  the  mirror  point 
to  receiver,  the  more  powerful  affects  the  reflection  it  this  point 
the  error  of  lateral  deviation. 

Figures  6. 18  gives  for  a radio  direction  finder  with  - 

cosinusoidal  directional  characteristic  the  averaged  dependence  on 
distance  of  variance  of  error  due  to  lateral  deviations  separately 
for  day  and  night  [H.U], 

It  is  experiaentally  estahlish/installed  that  if  we  conduct 
direction  finding  at  two  points,  equally  removed  from  radio 
transmitter  and  which  are  located  at  a distance  to  80*10}  km  one  from 
another,  then  the  lateral  deviations  of  bearings  at  these  points 
approximately  coincide,  i.e.,  the  coefficient  of  the  correlation  of 
the  slow  oscillations  of  bearings  is  close  to  unity. 

Page  311. 

Thus,  the  conditions  of  the  reflection  of  radio  waves  from  the 
ionosphere  at  the  pcints,  spread  on  40-50  km,  are  approxiiately 
identical.  With  an  increase  in  the  distance  between  the  reflecting 
points,  the  coefficient  of  the  correlation  of  slow  oscillations 


falls 
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With  the  distance  of  mirror  points  approximately  by  100  km 
(between  radio  direction  finders  distance  approximately  200  km)  the 
correlation  coefficient  between  slow  oscillations  is  already  close  to 
0,  coincide  well  only  statistical  characteristics  of  the 
oscillations. 


simultaneously  with  the  oscillations  of  bearings  with  period 
1-30  min  are  observed  changes  in  the  bearings  with  much  more 
prolonged  period-  The  nature  of  these  oscillations  is  not  completely 
establish/installed.  Is  observed  the  difference  of  average  diurnal 
bearings  of  relatively  average  bearings  for  long  time.  There  are 
seasonal  variations  of  average  bearings.  These  changes  in  the 
bearings  are  not  explained  by  the  effect  of  near  environaent,  since 
the  introduction  of  corr«<  tions  on  the  local  oscillator  does  not 
eliminate  them. 

Reason,  apparently,  consists  in  change  in  time  of  ths 
characteristics  of  soil  and  parameters  of  the  environment  with  the 
antenna  of  system. 

Since  so  on  au Itiple-pronged  radiowave  propagation  siallest 
lateral  deviation  has  the  wave,  which  underwent  one  reflection,  was 
proposed  the  method  of  a decrease  in  the  lateral  deviations  with  the 
reception  of  telegraph  signals  by  the  isolation/liberation  of  wave 
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with  one  reflection. 
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Figures  6.19  depicts  the  echo  telegraph  signal  in  the  presence  | 

••  ^ 

of  two  ray/beans.  I 
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Pig.  6.18.  Dependsnce  of  errors  due  to  lateral  deviation  C roa 
distance. 


Key:  (1).  Square  of  mean  square  error,  deg?.  (2).  Night.  (3).  Day. 
(4) . Distance,  km. 


Page  312. 

For  convenience  in  the  image,  component  signals  are  shown  one  under 
another.  The  resulting  signal  can  he  equal  or  to  sum  (solid  line),  or 
difference  in  the  components  (dotted  line).  In  radio  iiraotion  finder 
it  is  possible  to  have  such  eguipaent/dev ice  which  would 
open/disclose  receiver  from  each  beginning  of  telegraph  signal  to  the 
time,  corresponding  to  presence  one  of  first  reflection.  Then  all 


IB 
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Other  echo  signals  are  excluded  and  bearing  must  have  the  smallest 
error. 

For  this,  realization  they  utilize  following,  Betweea  the  first 
and  second  reflections  from  layer  F,  must  be  the  difference  in  time, 
required  Cor  the  passage  of  path,  of  approximately  equal  to  two 
height/altitudes  reflecting  layer.  Considering  that  height/altitude 
of  layer  300  km,  the  time  between  first  and  following  reflections 
must  be  on  the  orier  of  2 ms.  Into  radio  direction  finder  is  inserted 
special  equipment/device  with  the  aid  of  which  they  open/disclose  its 
only  to  2 ms  froii  the  beginning  of  each  telegraph  sign,  and  thus  is 
realized  direction  finding  on  the  first  reflection.  In  twa-channel 
automatic  directian  finder  without  the  acceptance  of  special  measures 
on  tube  face,  are  obtained  separately  the  bearings,  which  correspond 
to  the  first  reflection  and  cumulative  effect  of  all  reflections. 

For  the  larger  duration  of  premise/impulses,  image  brightness  of 
the  first  reflection  is  much  less  than  total  signal,  which  impedes 
reading  on  the  first  reflection. 

Usually  for  the  direction  finding  of  radio  stations,  it  is 
abstract/removed  time  less  than  it  is  necessary  for  the  averaging  of 
the  slow  oscillations  of  bearings.  Therefore,  it  is  not  represented 

to  possibility  of  decreasing  the  error  due  to  the  slow  oscillations 

of  bearings  by  means  of  the  averaging  of  readings. 
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Fig.  6,19.  Additisn  of  the  first  and  second  reflections  of  telegraph 
signal. 


Key:  (1).  First  caflection.  (2).  Second  reflection.  (3).  Resulting 
signal. 


Page  313, 

A decreasa  in  tha  lateral  deviations  it  is  not  possibla  to  also 
achieve  by  the  simultaneous  direction  finding  one  and  tha  same  of 
radio  station  on  two  diverse  radio  direction  finders  and  by  the 
calculation  of  average  bearing,  since  the  coefficient  of  the 
correlations  of  lateral  deviations  at  two  points  at  a distance  to  1O0 
km  is  close  to  unity. 

In  radio  diraction  finders  with  the  larger  separation  of 
antennas  during  the  multiple-pronged  propagation  of  error  due  to 
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lateral  deviations i is  less  than  in  cosinusoidal  systems,  because  of 
three-dimensional/space  selectivity  and  the  preferred  reception  of 
more  intense  wave  with  one  reflection,  when  lateral  deviations  have 
smaller  values. 


6,5.  Radio  interference  of  skip  band. 


Radio  waves  can  simultaneously  be  reflected  from  layars  B,  Fj, 
¥2,  after  undergoing  reflection  one,  two  and  more  once,  with 
reflection  from  any  layer  due  to  the  local  heterogeneities  of  layer 
("toughness”)  occurs  the  partial  scattering  of  radio  waves. 
Furthermore,  with  reflection  is  observed  magnetoionic 
splitting/fission  into  usual  and  extraordinary  waves.  It  Is  concealed 
by  shape,  the  oriented  signal  can  consist  of  the  large  number  of 
component  ray/beaas,  which  interfere  between  themselves,  joreover 
each  of  the  reflected  beams  is  usually  accompanied  by  the  beam  (cone) 
of  scattered  waves. 

In  the  examination  of  the  passage  of  the  wave  through  the 
ionized  layer,  it  is  assumed  that  the  ionization  of  layer  in  vertical 
and  horizontal  directions  changes  independently  according  to  normal 
law,  moreover  reflection  affects  the  local  heterogeneity  of  layer  in 
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range  with  the  size/dimensions  of  sides  approxiaately  i 


500  m. 


On  output  fCDin  layer,  the  power  of  the  incident  wave  (after 
losses  in  layer)  is  distributed  between  the  correctly  reflected  beao 
and.  the  beae.of  scattered  waves.  The  relation  of  the  power  of 
fundaaental  ray/baain  and  the  total  power  of  the  beaa  of  scattered 
waves  [6.15] 

9 = 

where  — the  dispersion  of  equivalent  phase  displacaxant  as  a 
result  of  the  passage  through  the  layer,  which  depends  on  the 
characteristics  of  layer  and  frequency. 


Page  314. 


At  low  values 


> V • 


Experiment  showed  that  at  frequency  5 MHz  g =*  2.5  and 


s 0.  3 rad. 


The  angular  distribution  of  power  in  the  bean  of  scattered  waves 
has  the  dispersion 


2n*a* 
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and  povec  in  bean  has  the  nornal  law  of  distribution* 


The  coefficient  of  the  correlation  of  the  angular  spectrua  in 
two  antennas  at  a distance  2b  is  designed  from  the  foraula 


_*a  r 

/?(26)=— e - -1 


When  saaller  than  0.5  rad« 


R{2b)^t 


The  root  aean  square  value  of  a supplementary  phase  difference 
at  these  two  points  is  deterained  froa  and  B(2b): 


v,  = 4i, 


and  the  root'-aeaii'square  deviation  of  bearing  caused  by 
scattering  ray/baam  with  the  reflection  which  is  deterninad  fton 
condition  4srb/\  sin  <»o  = %i  will  be 

. >/“^T25) - 1/  . -'(V). 

ija;-  - 4557  2 V ‘ * 


Vith  small  2b/a 


f 2fw 
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Page  315, 

Calculations  show  that  scattering  radio  waves  is  deterainad  mainly  by 
layer  E»  even  when  reflection  originates  from  layer  P. 

Since  to  diraction  finder  can  come  several  cay/beams,  which 
underwent  single  and  multiple  reflections,  due  to  the  interference  of 
these  ray/beams  are  observed  the  oscillations  of  bearings  within 
large  limits.  For  example,  when  the  radio  direction  finder  are 
approached  simultaneously  two  ray/beams  of  approximately  Identical 
intensity  and  the  angle  between  them  is  very  small,  but  a phase 
difference  is  close  to  180®,  is  obtained  the  deviation  of  bearing  to 
1 90°,  In  Pig.  e.20  OA  - the  fundamental  reflected  baam,  which  is 
propagated  along  arc  of  the  great  circle;  OB  is  the  second 
supplementary  cay/beam,  which  forms  small  angle  6 with  0A»  The 
strength  of  the  magnetic  field  of  the  second  ray/beam  has  a phase 
difference  relative  to  the  magnetic  intensity  of  the  fundamental 
ray/beam  Hi,  close  to  180°.  The  resulting  magnetic  field  //p<» 
corresponds  to  direction  of  propagation  OC.  This  direction  is 
displaced  with  respect  to  the  fundamental  ray/beam  OA  in  angle 
close  to  9 0°. 

A phase  difference  between  the  interfering  ray/beams  can  take 
any  values,  and  the  displacement  of  the  resulting  direction  will  vary 
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within  the  range  af  0 to  + 

The  height/alt itude  and  the  characteristics  of  isaoaphere 
layers,  which  affects  reflection  and  scattering  radio  wave,  rapidly 
change  with  period  from  fractions  of  a second  to  five  and  aofe 
seconds.  The  period  of  rapid  oscillations  increases  with  i decrease 
in  the  frequency  and  in  night  hours. 

With  the  sane  period  occurs  a change  in  amplitude  and  phase  of 
component  waves,  and  also  of  amplitude  and  direction  of  the  resulting 
field*  Simultaneously  changes  its  polarization.  Appear  the  rapid 
oscillations  of  baarings  due  to  the  phenomenon  of  intecfacence  and 
alternating/variable  polarization  o£  the  field  refleotad,  which  reach 
to  t 900. 
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Fig.  6.20,  Onset  of  large  error  due  to  two-beam  interference. 

Page  316. 

In  tlie  preseace  of  radio  interference,  change  the 
size/diaiensions  and  the  form  of  the  image  of  bearings  on  the  screen 
of  the  cathode-ray  tube  of  two-channel  radio  direction  finder  - from 
linear  tha  bearing  becomes  elliptical  and  even  circular. 

Let  us  examine,  as  they  change  in  the  presence  of  two-beam 
interference  bearing  error,  the  length  of  image,  i.e.,  tha  length  of 
the  transverse,  and  the  ratio  of  small  and  transverses  af  image  on 
cathode- ray  tube. 

In  accordanca  with  formulas  (5.11)  and  (5,10)  for  a radio 
direction  finder  with  cosinusoidal  directional  characteristic  for  a 
bearing  error  A we  have  the  expression 
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9*  _ k*  si n»  21,  4-  2k  tl n i|i,  cos  f . 
“ I + k*  cos  2+,  + 2k  cot  cos  f * 


the  length  of  the  transverse  of  isage  it  will  be 


/j  = |/ cos’A  + k’  cos*(<{i,  + A)  2k  cos  A cos  (il»,  + A)  cos  9; 


the  ratio  of  the  axes  of  ellipse  is  detecained  from  tha  formula 


>1  _ / sin*  A + k*  slti*  (>,  + t)  + 2k  Sin  A »1d  A)  cos  y 
D y cos'A  + k*  cos*  (+,  + a1+  2k  cos  A cos  (+,+  A)  cos  y 


jor  a special  case  of  two-beam  interference  at  tha  angle  between 
then  = 10®  anl  in  the  relation  of  strength  for  ray/bejms  k = 0.9 

are  designed  the  dependences  of  the  bearing  error  A,  of  ttie  length  of 
the  transverse  of  image  h and  the  ratio  of  axes  A/B  on  a phase 
difference  e between  the  strengths  of  the  field  of  ray/bsiras. 

Results  arc  represented  in  Fig.  6.21a- 

Froin  the  curves  of  Fig.  6.21a,  it  is  evident,  that  at  the 
maximum  length  of  the  transverse  of  image  (B  = 1)  and  the  Binimuni 
value  of  ratio  A/B  (it  corresponds  to  a phase  difference  of  the 
interfering  ray/bsams  > - 0)  bearing  error  A*,y.  Error  and  the 
ratio  of  the  axes  of  ellipse  are  little  affected  until  the  length  of 
image  becomes  less  than  25-30o/o  of  the  maximum  and  A/B  > 30-40o/o. 
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Fig.  6.21.  The  interference  errors  of  radio  direction  fi.niec  with  two 
ray/beaffi;  a - dependence  of  B,  A/B,  A on  a phase  difference  with 
cosinusoidal  diagram  (k  = 0.9;  <i<,  = 10°)  ; b - the  dependence  ’»  on 

the  separation  of  antennas  for  a system  with  the  cyclic  maasurement 
of  phase. 
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Key;  (1).  Lower  liirit.  (2).  Average  value.  (3).  The  upper  Unit, 
(a).  Cosinusoidal  systen.  (4).  Large-base  system,  (b)  , Cosinusoidal 
system.  (5).  Lower  limit.  (6).  Average  value.  (7).  The  upper  limit, 
(c)  . Cositiusoidal  system. 

Page  318. 

Kith  even  smaller  size/dinensions  of  the  major  axis  (aal  the  large 
ratios  A/B)  the  error  can  grow  considerably.  Therefore,  if  operator 
takes  single  reading  with  small  image  size  and  large  ellipticity,  he 
can  oi)*ain  large  error. 

In  Table  6.2  are  designed  the  bearing  errors,  calculsted  along 
the  transverse  of  image  on  the  cathode-ray  tube  of  two-channel  radio 
direction  finder  in  the  presence  of  two-boam  interference. 

The  rapid  oscillations  of  bearing  due  to  interference  can  be 
averaged  for  time  of  direction  finding  by  means  of  the  taking  of 
several  raadings  and  calculation  of  average  bearing.  Since  all  the 
value';  of  a pfac'’  difference  0 from  0 to  Zn  are  eguipr obab le,  if  we 
take  the  particular  readings  through  equal  time  intervals,  without 
considering  change  in  the  signal  amplitude  and  the  ellipticity  of 
image,  the  error  of  the  averaged  bearing  it  is  determined  by  its 
arithmetic  mean  value  without  taking  into  account  of  sign  Ar,p: 


E 
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^Integral  cletsr mina tion  in  the  general  case  difficultly.  At  the 
low  values  of  the  errors  when  A ^ k sin  <!’•  cos  integration  gives 
-zero  value  for  arithoietic  mean  error,  i.e,. 


Aoi.  = 5^  j k Sint, cos ¥==0. 


Table  6.2.  Bearing  errors  with  0=0  and  0 = v for  the  different 
values  of  k and  ^ . 


k 

—m 

1 OuhAR,  H rpnflycfc* 

npM  iHaicHiiiix 

1 f'O  1 

0,9 

i 

1 

0.6 

—9,4 

•* 

1.3 

—31 

1 5 

2,3 

—43,3 

1 

4.8 

—55,3 

0,5 

1 

1 0,3 

— 1 

3 

1 

—.3 

5 

1.7 

—4 

10 

3.3  1 

— 10 

Key:  (1)  leg.  (2).  Error  in  degrees  at  values 
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Ficj.  6.22.  "he  ue' wiidence  of  the  correlatiou  of  errors  on  tho  tiae 

between  the  oboacvation ; ooo  - experimental  data; - calculated 

curves. 


Key:  (1).  Correlation  coefficient  R (T)  . (2).  Experimental  data.  (3) 
s-  (U)  . Intervals  between  readin<;s,  s. 

Page  319, 

Numerical  integration  error  function  (Fig.  6.21a)  shows  that  by 
means  of  the  averaging  of  bearing  it  is  possible  to  obtain  an  error 


•i'l'jii 
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less  than  with  ♦ = 0.  However,  if  one  considers  that  virtually  it  is 
possible  to  take  readings  daring  anplitude  reduction  of  signal  only 
to  4-5  tines  relatively  maximum,  then  a decrease  in  th»  error  not 
very  greatly  in  conparison  with  reading  with  ^ = 0* 


Does  arise  question,  as  frequently  one  should  tata  tne  readings 
of  bearing,  as  does  affect  the  averaging  time  for  aean  error  and  of 
which  decrease  in  the  rapid  oscillations  of  bearing  it  is  possible  to 
achieve  virtually? 

Figures  6.22  gives  two  obtained  expariuentally  tha  curves  of  the 
dependences  of  the  coefficient  of  the  correlation  of  readings  R (T)  on 
time  interval  T between  readings  [6,14].  The  theoretical  dependence 
H(T)  on  T takes  the  for* 

r 

moreover  from  tha  curves  of  Fig.  6.22  it  follows  that  Tg  = 0.3-1  s. 

Page  320, 

The  curves  of  Fig.  6.22  show  that  if  the  time  intarval  among 
readings  is  more  than  1-2  s,  then  the  coefficient  of  the  correlation 
of  adjacent  readiigs  is  close  to  zero,  readings  become  independent 


variables 
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The  aoefficlant  of  the  correlation  of  rapid  oscillations  on  the 
radio  direction  finders,  spread  more  than  on  200-400  a,  it  is  close 
to  zero.  Therefore  the  averaging  of  rapid  oscillations  is  possible 
also  by  the  calculation  of  the  average  value  of  the  bearings, 
undertaken  simultaneously  on  several  radio  direction  findars,  spread 
for  distance  larger  200-400  m. 

The  effect  ef  averaging  tine  for  the  dispersion  of  tae  rapid 
oscillations  of  bearings  is  represented  in  Fig.  6.23.  Averaging  was 
realized  automatically,  i.e.,  readings  were  taken  after  every  0.08  s. 
For  averaging  time  10  s (125  readings)  the  dispersion  decreases  4 
times  (dacreasB  i.i  tlie  root -iiiean-sguar e deviation  2 timeu)  , a 
decrease  in  the  Jispc-rsion  10  times  is  achieved  at  the  averaging  of 
the  readings,  undertaken  approximately  after  40  s [8.32], 


Fig,  6,23,  Effect  of  avotdging  tine  for  the  <iispecsion  of  the  rapici 
oscillations  of  bearings. 

Key;  (1).  Dispersion  of  average  from  the  p of  readings.  (2). 
Experimental  baths,  (3).  Average  dependence.  (4).  Time  of 
observations,  s,  {‘i).  n - number  of  the  readings,  undertaken  with 
interval  0.08  s.  (6),  Dispersion  of  single  reading. 
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[•%)  PaecmMMue  cm  taiucHutHiamtpt , muM 

Fig.  6. 24..  The  dependence  of  the  root-oiean-sguare  deviation  of 
bearings  from  the  distance:  1 - single  readings;  2 - averaged 
readings;  x and  o - experimental  data. 

(1).  Errors#  deg,  (2),  Distance  from  radio  direction  flniar,  jiile. 

Page  321. 

Processing  ttie  results  of  the  direction  finding  of  radio 
stations  with  ranges  1000-5000  km  on  gonioroetric  spaced-antenna 
direction  finder  showed  that  the  dispersion  of  single  readings  in 
daytime  hours  has  average  value  of  10  dog*.  It  can  be  lecceased  10 
times#  i.e,,  it  is  led  to  1 deg*  by  means  the  averaging  of  readings 
during  5 min  (10-12  readings  at  intervals  20-30  s) . Dispersion  on  the 
order  of  1 deg*!  have  average  for  1-2  hours  bearings  and  the  average 
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diurnal  baarings  Df  relatively  mean  for  the  wide  interval  time. 
Therefore  an  increase  in  the  averaging  time  of  bearings  is  greater 
than  that  that  is  required  for  a decrease  in  the  dispersion  10  times, 
i-e. , to  1 deg*,  it  is  inexpedient.  At  the  same  time,  with  taking 
more  frequent  than  after  20-30  s of  the  readings  of  this  decrease  in 
the  dispersion  (13  times)  it  is  possible  to  achieve  with  direction 
finding  during  30-40  s (Fig.  6.23). 


Thus,  under  conditions  of  the  normal  passage  of  radio  waves  in 
daytime  hours  it  is  expedient  to  average  bearing  during  33-40  s. 

In  night  hours  and  in  the  low-frequency  part  of  the  range  of  the 
short  waves  when  the  period  of  rapid  oscillations  increases,  time  of 
direction  finding  is  expedient  as  far  as  possible  to  Increase. 

Figures  6.24  depicts  the  obtained  on  goniometric  radio  direction 
finder  dependence  or.  the  distance  of  the  average  quadratic 
oscillations  of  the  single  readings  of  bearing  relative  to  overage 
values  for  10  min.  In  this  same  figure  are  given  average  quadratic 
oscillations  of  bearings,  automatically  averaged  after  41  s (16 
readings  at  intervals  between  readings  2.56  s)  . 
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Page  322. 

As  a result  of  the  -av-era.ging  of  fluctuation^  they  decrease  from  two 
to  four  times  (on  the  average  3.3  tines).  Figures  6.24  shsws  that  the 
ainimum  spreads  of  bearings  are  observed  at  a distance  1530-4000  Km. 
With  a dG::reasa  in  the  distance,  they  increase  faster  than  with  an 
increase. 

During  application/use  in  radio  direction  finder  by  the  antenna 
of  systam  with  asute/sharp  directional  characteristic  due  to  the 
manifestation  of  the  thcee-diaensional/space  selectivity  bf  the 
fluctuation  of  baarings  from  radio  interference  have  the  smaller 
values  than  in  as  an  antenna  to  system  with  cosinusoidal 
characteristic. 

He  give  the  following  comparativt  results  of  the  separate  series 
of  observations  on  goniometric  radio  direction  finder  and  on  radio 
direction  finder  with  acute/shacp  characteristic  direction  [6.16]. 
Dispersion  of  readings  due  to  the  rapid  fluctuations  of  tie  bearings: 

1)  layer  Fj,  frequency  11  KHz,  in  the  daytime: 


DOC  = 77223216 


PAGE 


- on  tjonioBStric  radio  direction  finder  1.6  deg«; 

- on  radia  direction  finder  with  acute/sharp  directional 
characteristic  0.17  deg*: 

2)  frequency  5 flHz,  at  night: 

- on  gonionatric  direction  finder  18.2  deg*; 

- on  radio  direction  finder  with  acute/sharp  dirsctional 
characteristic  I.U  deg*. 

With  twofold  reflection  the  rapid  fluctuations  of  baitings 
grow/rise.  The  value  of  rapid  fluctuations  depends  on  the  character 
of  soil  at  mictoc  point  from  the  earth/ground.  It  is  axpe? imentally 
establish/instalLad  that  the  smaller  fluctuations  are  observed,  when 
after  the  first  reflection  from  the  ionosphere  wave  falls  on  sea 
surface,  but  not  when  it  falls  to  the  earth.  This  is  explained  to  the 
facts  that  the  coafficient  of  scattering  radio  waves  with  reflection 
from  sea  surface  is  less  than  from  the  earth/ground. 


Let  us  designate  the  dispersion  of  the  rapid  fluctuations  of 
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bearings  w ith  single  reflection  fron  the  ionosphere  by  The 

dispersion  of  the  rapid  fluctuations  of  bearings  after  taa  second 
reflection  froa  tie  ionosphere,  if  after  the  first  wave  reflection 
falls  on  sea  surface  and  angular  scattering  with  reflection  from  sea 
it  does  not  increase,  will  be 


O C01«  > I 


where  6^  and  6^  ace  angles  of  incidence  In  the  wave  on  ionospheric 
layer  with  the  first  and  second  reflections. 


Page  323, 


Factor  cas*6j /cos^ 63  considers  that  the  bearing  error  is 
proportional  sec  6. 


If  after  tha  first  reflection  from  layer  wave  falls  to  the 
earth,  then,  by  considering  the  coefficients  of  reflection  from  the 
ionosphere  and  tha  earth/ground  approximately  identical,  we  will 
ob  ta  i n 


cot*  4,  Afi- 


At  frequencies, 
frequency],  whan  the 
normal  reflection  of 


greater  than  MPCh 
ionization  of  layer  is 
radio  waves,  car.  occur 


Maximum  usable 
insufficient  for  the 
reflections  from  the 
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individual  movad  in  layer  heterogeneities  with  large  ionization  or 
froB  areas  of  the  ionosphere  from  the  required  for  caflaotion  given 
frequency  by  ionization,  that  are  found  aside  from  other  great  circle 
"transmitter  - direction  finder".  In  such  cases  are  observed  large 
alternating/vaciable  errors  due  to  large  lateral  divergences. 


Identical  large  errors  with  the  same  radio  station  cm  be 
observed  on  several  radio  direction  findars,  spread  up  to  large 
distance  Ho  dozens  hiloneters)  . 

SuscaptibilLty  by  the  antenna  of  the  systen  of  radio  direction 
finder  to  interference  errors  is  conveniently  characterizad  by  the 
mean  square  error  • which  is  obtained  with  let  us  accept  two 
coherent  plane  elactrooagnetic  waves  (main  and  supplaaantiry) , when  a 
phase  difference  * of  the  strengths  of  the  field  of  these  waves  in 
center  with  the  antenna  of  the  system  of  radio  direction  finder 
varies  from  0 to  2ir. 


It  is  accepted  that  they  remain  constants: 

I*.  “ an  angle  in  the  horizontal  plane  between  the  directions  of  the 
arrival  of  two  waves; 

- angle  in  the  vortical  plane  of  the  direction  of  ial.i  wave; 


A 


■a 


is 


I 

■t 


i* 

3 
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Pa  - angla  in  tha  vectical  plane  of  the  direction  of  supplementary 
wa  ve; 

k-  - relation  of  the  strengths  of  the  field  of  suppLaient ary  and 
aain  waves  (k<l). 

Page  324. 

If  tiie  error  which  is  obtained  relative  to  the  direction  of  the 
arrival  of  main  wave  under  the  indicated  conditions  and  with  certain 
phase  difference  to  designate  by  A,  then 

a 

Wg  give  the  Eoraulas  of  calculation  o.  for  a cosinusoidal 
system  and  systems  with  the  cyclic  measurement  of  phase  in  high 
frequency. 


Cosinusoidal  system. 


Error  A is  determined  by  the  formula  (5.11),  in  which  let  us 
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replace  k with  relation  p — — We  assutoe  that 

in  view  of  snallness  A it  is  possible  to  count 


Then 


A'  = |sin*2A  = 4 

4 4 


tg«  2A 
1 +tE'2A‘ 


(gf  tin  I,  Cot  y 4* 

(I  + g/'  cos  cosf  + r*  cos  g^*)*  + 


+ r«sln2»,)« 

4-  (2r  sin  cos  f + r*  sin  g+i)* 


d<f. 


At  low  value  (jio 


2 _ 1 r(2r'|..)«(/-  + C0ST)»  . 

S (I +r*  + 2rcosf)' 

0 


Proiluciny  the  replacement  of  the  variables  tg  (#/2)  = x»  after 
integration  we  will  obtain  for  o* ■=; -ifitlL-  <for  the  error 

of  formula  less  than  6o/o) . 


For  any  values  41,  the  expression  for  will  be 


2 ^ sin*  it  (I  — f*  cos  2t,) 
’’f  2 ( I — r*  cos  2t,  4-  r*)  * 
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Badio  direction  finder  with  the  cyclic  measurement  of  phase  in  high 
frequency. 

In  §5,3  it  is  obtained  expression  (5.25)  for  a bearing  error 
with  the  iirectioa  finding  of  two  ray/beaas; 


X from  (5.24)  we  will 

(6.6) 


— «,_sslnx 


After  the  substitution  of  value  for 
obtain 

sJn 


A 5in 

° nit — «(9i — 9|  cos 'll*)’ 


where 


5,  = y 6cosp,; 

8,  — y 6cosp,; 

a = Y — 26,8,cosi}»,; 

s = 2 1^  k cos  «p/,  (a)  — y cos  ?/,  (2c)  + . . . 


From  expression  (6,6)  are  derived  the  approximation  formulas, 
which  give  uppar  and  lower  limits  for  [6-13],  so  that 


I 
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a,  > 0,  > Oil- 


The  upper  li»it  for  a^ 


y2*,*ln+,— 

^ 1(^1  — 


Lower  limit  for  a 


/2ittia4>«  — 


«i+  ^ I («i  -^t  coi  ♦,)  ij  «,  fin  I 


..  (0.7") 


where 


aoreoVcL’  p is  tinten  I'o  an  to  fulfill  the  inequality 


V(/j  + 1)*  r-  K> 
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If  angles  and  0^  considerably  are  distinguished  sid  41,  is 
ssall,  then  it  is  possible  to  use  the  approximation  formulas  foe 
and  o„: 


Viit  »in  +1  T-. 

“ ai  « ' 

V2»,  tin  4. 

*i+'j  l(*i  — 


With  the  larje  separation  of  antennas,  when  {2ir/X.)b 
formula  (6.6)- (6,7)  they  are  simplified: 

Y 2 tj  »hi(>«  IL 


■ — o_  = ■ 


(6.8) 


Formula  (6,8)  it  is  possible  to  use  with  the  suffiriant  accuracy 
when  2b  > 2x.. 


The  investigation  of  error  0,  showed  that  it  increases  with  an 
increa.se  4,  (to  definite  limits,  it  is  analogous  to  the  curves  of 
Fig,  6,6),  Error  also  increases  with  a pproach/approxiaation  to  the 
equality  of  angles  and  pg.  Figures  6.21b  depicts  to  the  dependence 
of  error  on  tie  separation  of  antennas  for  the  following  cases: 
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5°44'.  k«0.9.  p.  = 30».  p,=*45«; 

= k = 0,9.  p.  = 30».  p,  = 30“; 

<!»,=»  5044'.  k=0.9.  p.=33»,  p.  = 53» 

- Front  curves  it  is  evident  that  at  lov  values  ♦,  and-0t- s -fig  - 
with  an  increase  in  the  separation  of  antennas  the  error  v,  little 
decreases.  A noti:;eable  decrease  in  the  arcor  can  be  obtained  with 
the  very  Large  separation  of  antennas  2b  ^ (10-20)X. 

With  large  (j**  nn  increase  in  the  separation  up  to  ('4-5)  \ is  led 
to  noticeable  decrease  %.  A further  increase  in  the  separation 
affects  smaller;  furtheraore^  errors  themselves  become  email. 

Page  327. 

Virtually  for  an  effective  decrease  in  the  interference  errors, 
it  is  expedient  to  increase  separation  to  (4-5) X. 

The  conclusions,  obtained  for  a system  with  the  cyclic 
measurement  of  paase  in  high  frequency,  are  approximately  valid  also 
for  by  the  ante  of  the  system  of  phase  radio  direction  finder  and 


radio  direction  finder  with  acute/sharp  directional  characteristic 
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with  the  identical  separations  of  antennas  of  systems. 


6.6.  Special  f eature/peculiacities  of  direction  finding  on  different 
wav.e  bands  a.nd_.s  a lection  by  the  antenna  of  the  system  of  radio 
direction  finder.  . . . 


Direction  finding  on  very  long  and  long  waves  (frequency  is  less  than 
100  kHz)  . 


The  characteristic  features  of  propagation  of  ver 
frequencias  they  are  insignificant  absorption  in  soil  and  ability 
because  of  diffraction  it  is  comparatively  easy  to  go  around  the 
earth/ground.  At  short  distances  from  transmitter,  smaller  300  km, 
predominates  ground  wave.  The  strength  of  field  does  not  depend  on 
time  of  days  and  year.  Spatial  waves  have  small  relative  to  suppress 
waves  the  strength  of.  field.  At  these  distances  polarization  normal 
and  in  radio  direction  finders  are  applied  frame  antenna  systems  with 
rotatable  loop  or  with  two  motionless  framework.  Two  iimobile 
frameworks  not  always  coaxial  of  symmetry  - they  can  be  assembled  so 
that  are  contacted  their  lateral  sides.  The  noncoincidence  of  the 
phases  of  field  on  the  axis  of  the  symmetry  of  both  Ecaaawork  in 
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these  waves  little  and  is  not  led  to  beariny  errors. 

With  an  increase  in  the  distance  all  more  predoniaates  shj  wave 
above  the  terrestrial.  From  the  ionosphere  the  wave  reflected  can 
have,  especially  into  night  hours,  an  abnormally-polarized  component 
of  electric  field. 

Of  the  framaworic  appear  polar izat ional  errors. 

According  to  experimental  data  at  frequencies  16-20  kHz, 
polar izational  errors  reach  values  in  daytime  hours  by  the  summer: 

- at  distanoas  250-600  km  approximately  to  9®, 

- at  distancas  1000  km  approximately  to  6®, 

- at  distancas  1500  <kUi  approximately  to  3®. 

Page  328. 

In  the  night  are  frequent  the  errors  they  grow/rigs: 


at  distances  200-400  km  to  20® 
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- at  distan^ss  1000  km  to  10®  [6.20]. 

Is  passible  the  application/use  of  systens  with  the  spaced 
vertical  wire  antannas  according  to  D-shaped  diagrae  with  gonionetor 
or  with  the  phasa  reading  of  bearing  [ 8.26]. 


Direction  finding  on  medium-frequency  waves  (frequency  1>J-1530  kHz|  . 


Absorption  in  soil  on  these  waves  is  more  than  on  Laag,  it 
increasing  with  a decrease  in  the  ground  conductivity  and  with  an 
increase  in  the  frequency.  Terrestrial  wave  has  vertical 
polar i2ation«  but  its  range  decreases  with  an  increase  of  absorption 
in  soil. 


The  aost  characteristic  features  from  the  ionosphere  of  the 
waves  reflected: 


S 


3 

•3 

i 

Whi 


1 


1.  Negligible  intensity  in  comparison  with  ground  waves  in  1 
daytime  due  to  powerful  absorption  in  layers  E and  D,  whereupon  on  ' 
shorter  waves  absorption  grow/rises  as  a result  of  j 
approach/a ppcoxiaation  to  the  frequency  of  gyromagnetic  rasonance.  J 


i 
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On  the  high  latitude's  in  the  daytime  hours  of  winter  months, 
sometimes  there  is  slty  wave,  since  losses  under  these  :;3nlitions  are 
small. 


2.  Considarahle  intensity  of  these  waves  in  dark  time  of  days  at 
distances  from  dozen  kilometers  and  more,  which  is  explaiaed  by 
powerful  decreiiLsa  in  losses  in  ionosphere  due  to  decrease  in 
electronic  concentration  and  collision  frequency. 


3.  At  three  distances  where  there  are  sky  waves,  Ls  observed 
fluctuation  of  intensity,  which  occurs  due  to  interference  of  several 
ray/beams.  The  oscillatory  period  is  from  second  to  s&vecal  dozen 
minutes. 


4.  Polarization  of  those  who  were  reflected  wills  elliptical  or 
linear,  that  changes  orientation  in  the  course  of  time. 


In  daytime  hours  on  these  waves,  predominantly  it  is  not 
reflected  from  tha  ionized  layers  of  the  atmosphere  of 
electromagnetic  waves,  but  there  is  one  terrestrial 
norraally-polari Z3i  wave. 


Page  329. 
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Therefore  is  possible  error-free  direction  finding  by  the  radio 
direction  finders,  which  apply  frane  antenna  systens. 

Hpvever,  soaetimes  can  come  in  the  daytime  and  from  layer  E 
reflected  the  wave  of  weak  intensity.  Die  to  the  effect  of  the 
horizontal  component  of  the  electric  field  of  the  wave  reflected 
appear  the  daytime  fluctuations  of  bearings.  For  this  reason  the 
average  for  day  bearings  by  one  and  the  same  radio  station  can 
somewhat  change  from  day  to  day. 

Figures  6.25  depicts  the  average  values  of  bearings  for  day  to  4 
radio  stations,  designated  a,  b,  c,  d.  The  fluctuations  of  average 
bearings  from  day  to  night  reach  ♦1.5-2®.  separate  bearings  during 
day  can  have  large  divergences. 

In  night  hours  due  to  the  action  of  the  intense  waves  reflected 
are  observed  the  night  effects  (effect  of  a normally-polarized 
field}.  They  most  powerful  are  developed  during  1-2  hours  to  rise  and 
sunset  and  during  1-2  hours  later  rise  and  approach.  In  southern 
latitudes  powarfuL  night  effects  are  observed  in  the  course  of  entire 
night. 

Night  effects  arc  manifested  during  the  use  of  frama  antenna 
in  tha  following  phenomena; 
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1)  bearing  d^es  not  remain  constant,  but  it  chaagas,  "goes  for  a 
walK"; 

2}  in  radio  direction  finders  vith  the  reading  of  bearing  on  the 
ainiinmn,  sonetines  do  not  succeed  in  obtaining  the  complete 
disappearance  of  audibility  and  changes  the  compe.isation  . Cor  antenna - 
effects;  in  two-ciannel  radio  direction  finders  sometimes  the  image 
of  bearing  on  catiode-ray  tube  takes  the  form  of  ellipse  from  the 
changing  orientation  of  major  axis  and  with  the  alternating/variable 
relationship/ratio  of  axes; 

3)  occur  chaages  in  signal  strength,  the  intensity  of  signal 
drops  to  zero  at  times  (fading). 
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Kig»  6.25.  Daytiaa  fluctuations  of  bearings  on  mediun-f raguency 
waves. 


Key:  C'>)« 
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More  powerful  night  effects  are  observed  with  the  direction 
finding  of  the  radio  transmitters  whose  antennas  have  large 
horizontal  part  (for  example,  L-shaped) , since  this  antenna  emits  the 
horizontally  polarized  component  of  electric  field.  In  terrestrial 
wave  this  component  rapidly  attenuates;  from  the  ionizad  Layers  of 
the  atmosphere,  it  is  reflected. 
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On  the  basis  of  the  available  data  on  prolonged  iLcastlon 
finding  by  the  ground- based  and  ship  radio  direction  finders  of 
different  radio  stations  in  the  range  of  waves  from  500  to  10000  m to 
the  different  hours  of  days  it  is  possible  to  arrive  at  following 
conclusions  [6,10,  1.10], 


If  transnissLon  occurs  above  sea  and  there  are  no  errors  due  to 
coastal  effects,  then  with  loop  antennas  at  distances  ta  110  k « (60 
nautical  miles)  tie  mean  error  of  direction  finding  is  approximately 
2®  for  tha  daytiia  and  for  night  observations.  At  a distance  to  200 
km  and  during  the  propagation  of  the  waves  above  sea  of  90o/o 
observations  hava  an  error  not  more  than  2®,  but  ffiaximua  srror 
reaches  approximately  4®, 


During  radiowave  propagation  in  dry  land,  the  averaja  diurnal 
accuracy  of  direction  finding  into  2®  is  obtained  at  a distance  to 
40-100  kra  dapendiig  on  the  wavelength,  power  of  transmitter  and 
character  of  soil. 


With  the  iicjction  finding  of  aircraft  by  the  framework  from  the 
earth/ground  on  the  generally  accepted  foe  this  purpose  wave  \ = 900 
m errors  iue  to  light  effects  for  distances  to  150  km  it  lie/rests 
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within  tha  pernissible  limits. 

If  on  shortac  waves,  on  the  order  of  400-600  m,  the  fluctuations 
of  bearings  in  night  hours  reach  to  ♦90®,  then  with  the  elongation  of 
the  wave  of  the  fluctuation  of  bearings  decrease,  and  on  wave  10000  ra 
do  not  exceed  30®.  At  large  distances  (more  than  2000  km)  night  _ 
errors  decrease.  The  reason  for  this  consists  in  the  fact  that  the 
wave  reflected  comes  to  direction  finder  at  very  small  angle  to  the 
horizon.  In  this  case,,  as  can  be  seen  from  (6.2),  error  with  the 
direction  finding  of  an  abnormal- polarizad  field  falls. 

Page  331. 

In  mountainois  country  the  night  effects  begin  to  ba  developed 
earlier  than  in  plains,  which  is  explained  by  aoir'?  rapid  weakening  of 
terrestrial  wave. 

If  is  placed  the  problem  to  carry  out  direction  finling  mainly 
into  daytime  hours  or  the  24-hour  confident  direction  finding  at 
small  distances  (to  150-180  ka  on  sea  or  to  40-50  km  on  dry  land), 
then  it  is  possible  to  use  frame  radio  direction  finders. 

For  tha  diraction  finding,  free  froi  polaciz ationa  1 errors,  are 
applied  predominantly  the  goniometric  systems  with  tha  spaced 
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auteunas,  assembled  according  to  the  diagram  of  U-shapei  system  or 
according  to  the  iiagram  of  transformer  system,  and  also  phase  radio 
direction  finders. 

Direction  finding  on  short  waves  (1.5-30  MHz)  • 

The  conditions  of  the  direction  finding  of  short  waves  depend  on 
distance  of  the  oriented  transmitter,  the  wavelength  and  upper-air 
conditions.  For  the  varied  conditions  of  direction  finding,  it  is 
expedient  to  apply  the  different  antenna  systems  of  radio  direction 
finders. 

At  Short  distances  (to  20-250  km  depending  on  the  wavelength, 
power  of  transmitter  and  ground  conductivity)  the  direction  finder 
approaclies  one  terrestrial  normally-polarized  wave.  Error-free 
direction  finding  of  short  waves  it  is  possible  to  carry  out, 
applying  any  antenna  systems  (framework,  the  spaced  aatsioas,  he 
diverse  framework).  It  is  most  expedient  in  these  distances  to  apply 
frame  antenna  system. 


From  the  iomosphere  the  wave  reflected  can  appear  either  at 
certain  distance,  after  will  virtually  disappear  terrestrial  wave  or 
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when  terrsstrial  wave  still  it  does  not  decrease  so,  so  that  it  would 
be  possible  it  not  to  consider.  In  the  first  case  thsra  is  a dead 
spot,  in  the  sacoad  case  will  appear  the  section  where  siaulta neousl y 
there  are  terrestrial  and  reflected  waves. 

The  limits  of  dead  spot  for  any  wave  depend  on  ti*a  of  days  and 
year,  on  the  power  of  transmitter  and  parameters  of  soilo  The  greater 
the  ground  conductivity,  the  further  is  propagated  the  terrestrial 
wavi*  and  is  less  dead  spot. 

Page  3 32. 

In  daad  spot  both  reception/procedure  and  the  direction  finding 
are  unreliable-  There  can  exist  only  diffuse  reflections  with 
direction  finding  of  which  ate  obtained  the  inaccurate  bearings  of 
the  changincj  value,  any  in  no  way  is  obtained  bearing.  la  dead  spot, 
all  antenna  systeas  are  equally  unreliable,  since  the  direction  of 
the  arrival  of  the  scattered  ray/beanis  has  usually  no  relation  to 
real  direction  ia  radio  station. 

At  tnose  distances  where  there  is  terrestrial  and  slcy  wave  and 
where  sky  wave  composes  only  several  percentages  from  terrestrial 
wave,  and  consequently,  there  are  no  polar izational  errors,  it  is 
possible  to  utilize  any  system,  including  simplest  - Ecana. 


At  Large 
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distdncet;,  whsce  sky  wave  grow/cises,  it  is  necessany  to  apply  the 
antenna  system,  free  ftom  polar i^ationa  1 errors« 

When  seleotiig  by  the  antenna  of  system,  free  from  polarization 
errors,  one  shoulJ  proceed  from  the  fact  that  at  abrupt/steep  angles 
of  incidence  {p  ^ 60-65®)  the  quality  of  the  work  of  systsm  with  the 
spaced  antennas  considerably  deteriorates.  This  is  explained  to  the 
facts  that  relationship/L  atio  btcween  tiie  vertical  and  horizontal 
components  of  elactric  field,  proportional  cos^  3,  deccaases  in 
comparison  with  propagation  along  the  hoc izon/level: 

— (11^11^1^  = 00°  cos’, 3 = 0, 25  (yxy;n(ic]iiic  d 4 paoa), 

— npn  ,3  = 80°  cos’ p — 0,03  (yxyfluicHiic  Oojice  mum 

a 30  pas). 

Key:  (1).  with,  (2).  deterioration  4 times,  (3).  deterioration  is 
more  than  30  times. 

This  def iciaacy/lack,  as  we  see  that  does  not  have  any  the 
system  with  the  diverso  framework,  since  the  reception/pcocedure 
vertical  component  this  system  does  not  depend  on  3,  put  the 
reception/procaduc e of  the  horizontal  component  of  electric  field  is 
proportional  to  cos  3.  As  a result  of  this,  the  relati  0.1  sa ip/r  atio 
between  voltaje/stresses  from  horizontal  component  and  from  vertical 
component  electric  field  decreases  with  an  increase  in  the  angle  of 


h'\ 
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incidence.  Only  waere  the  angle  of  incidence  lie/cests  within  limits 
approximately  0-45°,  one  should  apply  system  with  the  spaced 
antennas.  This  carresponds  to  distances  from  transmittar,  to  high 
approximately  400  k-n.  At  the  distances  where  this  angla  ranges  from 
45  to  60-65°  {ranges  400-600  km),  a system  with  the  diverse  framework 
has  small  advantages  over  the  system  with  the  spaced  antennas  and 
finally  at  angles  of  incidence  60-65°  to  90°  (range  to  400  kra)  must 
be  applied  system  with  the  diverse  framework. 

Page  3 33. 
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ona  should  aaphasize  that  system  with  the  diverse  framework  it 
is  expedient  to  apply  only  in  those  distances  where  it  nas  explicit 
advantages  on  accuracy  in  comparison  with  system  with  the  spaced 
antennas,  since  system  with  the  diverse  framework  is  less  sensitive 
and  bulkier. 

From  Fig,  6.26,  which  represents  the  dependence  of  distance  from 
angle  of  incidence  for  reflections  from  layers  E,  F|  and  Fj,  it  is 
possible  to  estahl ish/install  for  the  specific  conditions  of 
propagation  those  ranges  at  which  it  is  axpedient  to  use  one  or  the 
other  antenna  system  in  the  radio  direction  finders  of  short  waves. 
The  indicated  in  figure  ranges  arc  some  average. 
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In  nlgKt  tioucs  ttio  relationship/c  atio  between  the  vscticil  and 
horizontal  components  of  electric  field  deteriorates  in  comparison 
with  daytime  hours.  Therefore,  as  a rule,  at  night  polariz ational 
errors  appear  mora  powerful  than  in  the  daytime,  and  also  increase 
lateral  divergences. 
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Fig,  6.26,  Depealsnce  of  angle  of  incidence  on  distance;  1 - diverse 
framework  are  tnuca  better  than  spaced  antennas;  2 - diverse  framework 
are  somewhat  bettar  than  spaced  antennas;  3 - diverse  framework  and 
separated  antennas  have  approximately  identical  accuracy. 

Key;  (1),  Fraaa  systems  are  not  used.  ( 2)  « Distance,  km. 


P ge  334. 

At  tie  very  large  distances,  close  to  antipodes,  the  direction 
finding  becomes  impossible.  On  the  system,  free  from  polarizational 
errors  which  only  and  it  is  possible  to  use  here  are  observed  the 
changing  in  time  readings.  This  is  explaineu  to  the  facts  that  from 
the  numerous  emission/radiations,  passed  approximately  equidistances 
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of  direc»:ion  findsr,  moat  intense  i)rove  to  be  the  eleotconaqna tic 
vibcations,  passed,  although  somewhat  longei'  path,  cocr asponds  to 
this  direction,  w.iich  is  changed  in  the  course  of  twenty-four  hours. 

Since  the  operating  errors  of  radio  direction  finder  to  a 
considerable  degree  depend  on  the  susceptibility  of  rilio  direction 
finder  to  polarizitional  errors,  the  problem  of  a decrease  in  the 
standard  po larizat iona 1 error  is  extremely  urgent.  Simaltaneously 
witli  this  stands  the  problem  of  a decrease  in  the  errors  i ue  to 
lateral  divergences  and  interference.  For  an  increasa  La  the  accuracy 
of  direction  finding  where  this  is  attained,  one  should  apply  antenna 
system  with  tha  large  separation  of  antennas  or  utilize  several 
diverse  radio  direction  finders  (2-3)  for  the  direction  finding  of 
just  one  transaitter.  Direction  finders  must  be  spread  up  to  the 
distancs,  greater  than  200-300  m,  Purthecaore  that  in  this  way  are 
averaged  arrors  with  direction  finding,  it  is  possible  according  to 
the  character  of  readings  on  separate  eguipmant/devices  ajd  by  a 
difference  in  the  readings  to  judge  the  conditions  of  direction 
finding  and  the  reliability  of  bearings.  It  is  very  iissEuL  to 
available  in  simultaneously  working  radio  direction  finders  different 
external  systems  - with  the  spaced  antennas  and  the  divarse 
framework.  Thaoret ically  mean  error  oust  with  this  direction-finding 

I 

method  vary  in  proportion  to  where  n - a number  is 

simultaneous  of  working  identical  radio  direction  finders. 


DOC 


77223216 


S't’ 

K.  ■■ 


[ ■ 


V. 

S' 


5- 

Li: 


I r. 


i 


PAGE 

Uto 


Direction  finding  on  ultra  short  waves  (30-300  NHz)  . 


At  tiese  fraguencies  the  direction  finding  is  cealizsd  on 
terrestrial  wave.  The  direction  finding  of  utilized  dal.  of  the  radio 
coairrunication  of  the  scattered  from  the  ionosphere  and  tha 
troposphere  waves  is  very  difficult.  The  range  of  transsitter  depends 
on  the  height/altitude  of  the  antenna  location  of  transmitter  and 
receiver . 

Page  335, 

At  the  small  h a i j a t/alt it udes  of  the  location  of  the  transmitting 
antenna,  the  strength  of  field  from  the  vertical  wira  antenna  is  more 
than  from  horizontal,  since  the  horizontal  component  of  electric 
field  rapidly  attenuates  at  the  ea rth/qround ; at  the  higa  altitude  of 
the  location  of  the  transmitting  antenna  vice  versa.  Thus,  at  those 
frequencies  are  possible  the  waves  of  any  polarization. 


Witliin  the  limits  ot  the  city  where  there  are  many  structures, 
and  also  in  broken  ground  to  receiving  antenna,  comes  ths  resulting 
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field  from  the  tra  nsmittin^j  antenna  and  from  the  reflactiaq 
Ob jec t/sub jacts«  Therefore  the  direction  of  arrival  and  the 
polarisation  of  wave  can  be  connected  with  direction  aid  polarization 
of  the  transmitting  antenna.  The  inequalities  of  soil  cause  an 
increase  in  the  absorption  and  a decrease  in  the  transmission 
distance.  At  distances,  large  of  dii ect/straight  visibility,  is 
developed  the  effect  of  the  troposphere. 

On  ultra  short  waves  arc  predominantly  applied  the  radio 
direction  finders  with  rotatable  loop  or  rotary  pair  of  aatannas 
either  greater  base  radio  direction  finders  with  0 r 

line-source  antenna  by  system  from  the  spaced  antennas.  Sometimes  in 
the  rotary  pair  of  antennas,  is  provided  for  the  possibility  of  a 
change  ir  the  orientation  of  antennas  for  the  reoeption/pcoced ure  of 
the  field  of  vertical  and  horizontal  polarization. 

In  by  an  antenna  to  system  with  motionless  antennas  are  utilized 
the  following  principles  of  the  reading  of  the  bearing:  two-channel, 
ph  ase  -.Ich  the  cyclic  measurement  of  phase  in  high  frequency,  with 
scanning  of  acute/shar p directional  characteristic,  ate.  When 
selcctinc  by  the  antenna  of  system  it  is  necessary  to  consider  that 
with  an  increase  in  the  separation  of  antennas  decreases  the 
influenc;?  of  environment,  which  very  is  substantial  for  the  radio 
direction  finders,  wociting  on  ultra  short  waves. 
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Chapter  7, 

CALCULAriDN  OF  ANTENNA  SYSTEMS  OF  RADIO  DIRECTION  FINDERS, 

7»1,  PralLminary  sonsiiler  at  ions. 

Pays  336. 

Tiis  ' unaanaatdl  chaiactet  iatics  of  caviio  direction  finder  are 
its  accuracy  and  sensitivity. 

Accuracy  is  letermined  by  the  average  quadratic  (or  average 
arithmetic)  value  of  the  random  angular  error  of  radio  iLrection 
finder..  Tie  cospaients  o£  the  caudom  angalar  operating  error  of  radio 
direction  finder  are  examined  in  §§2,4,  4.1-4-12,  5.3,  5. 1-6.5  and 
11-1.  In  the  design  of  radio  direction  finder,  after  are  selected  the 
principle  of  dice:tion  finding,  the  method  of  the  realLij  of  bearing 
and  the  used  antsina  system,  is  designed  or  is  rate/J stLmi tad  each 
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coniponolit  ('ircar  iid  is  vlott^rmiuod  the  total  cdtidom  ercdc  Df  radio 
diraction  finder. 


Ths  sensitivity  af  radio  direction  finder  is  aeasiral  by  the 
strength  of  field,  which  is  required  for  providing  taa  assigned 
subjective  arcar  af  the  reading  af  bearing,  last/latter  it  causes  tha 
required  for  the  reading  of  bearing  sense  of  the  voltage/stresses  of 
signal  and  noise  an  the  input  of  receiving  indicatar.  fiJs, 
sensitivity  - this  is  that  minimum  strength  of  field  with  which  is 
obtained  tha  aacissary  sense  af  the  voltage/sti esses  af  signal  and 
noise  on  the  input  of  receiving  indicator. 

/is'  it  is  shown  into  ^2.5,  the  sensitivity  of  raila  ilroction 
finder  is  impravai  with  a decrease  in  the  factor  of  naise  N of  tha 
input  pact  of  recaption  indicator,  a decrease  in  its  passaand  and 
MJith  ttjQ  product  Z7r|,  whare  D is  a diractlve  gain  of 

antenna,  — the  afficiency  of  antenna  feeder  circuit. 

Page  337. 


After  raplacinj  D by  its  expression  (see 
that  ti=ilnT|.|i,  where  — radiation 
efficiency  of  the  feeder,  which  connects 
receiving  indicatar,  let  us  explain  that 


§2.5)  and  after  considering 
efficiency,  the 

antenna  wita  ttia  input  of 
for  an  impcovaiBent  in  tha 
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stnsitlvlty  it  is  aesessacy 
of  the  systea 

where  and  R,,—  effective 
antenna  of  systea. 

with  the  auiltory  method  of  the  reading  of  bearing  on  the 
aininuin  for  an  iiproveoent  in  the  sensitivity,  it  is  necessary  to 
also  attain  an  inorease  in  the  slope/transconductance  of  the 
differential  characteristic  of  directivity  at  2ero,  An  increase  in 
this  slope/transconductance  is  required  also  with  other  aethods  of 
reading  (sum-and-iiff erence,  with  modulation  on  input,  etc.). 

Factor  of  noise  N depends  on  the  transmission  gain  from  antenna 
on  the  input  of  raception  indicator.  Talcing  into  account  the  small 
difference  of  the  optimum  factor  of  noise  and  noise  facto:  with  the 
maximum  transmission  gain  of  input  circuits  of  receiving  indicator, 
initial  calculation  of  input  circuit  we  produce,  on  the  oasis  of  the 
condition  of  obtaining  the  maximum  of  the  transmission  of 
voltage/stress  (557,3-7.10).  Subsequently  noise  factor,  it  can  be 
checked  and  the  corresponding  values  are  corrected  (§'7.2),. 

During  the  calculation  of  input  device,  it  is  necessary  to  also 


to  increase  the  parameter  by  the  antenna 


height  and  effective  resistance  by  the 
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consiAec  the  saniltions  of  the  tuning  of  input  circuits  of  receiving 
indicator.  In  tho  najority  of  contemporary  receivers,  tie  tuning  of 
input  circuits  is  united  with  the  tuning  of  all  remaLnli]  circuits  of 
rnceiver.  Therefore  the  detuning  of  the  first  duct  of  receiver  under 
the  effect  of  antenna  coupling  system  must  not  be  great,  irhich  limits 
the  permissible  cosmunication/connection  of  input  circuit  with 
antenna  system. 

For  an  increase  in  the  parameter  by  the  antenna  of  system  it 

ff7 

is  necessary  to  obtain  a maximally  possible  value  for  and  for  t]^ 

//* 

Haxlmu>a  5^  taey  reach  by  the  appropriate  selectioo  of 
size/d imen si ons  aid  constructions  of  separate  antennas  and  by  entire 
antenna  of  system  (by  the  appropriate  selection  of  the  turn  number  of 
the  framework,  by  the  correct  selection  of  diameter  and 
height/altitudes  of  separate  vibrators  and  construction  lade  of 
groundings,  by  taa  selection  of  separation  and  numbers  of  antennas  of 
system,  etc.). 

Page  338. 

The  efficiency  of  feeder  will  be  the  greater,  the  nearer  to  one 
KBV  of  feader.  Egiality  KBV  = 1 corresponds  to  the  condition  of  the 
matched  load,  when  load  impedance  is  equal  to  the  wave  isoedance  of 
feeder.  It  should  be  noted  that  when  KDV  » 1 considerably  is 
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facilitatad  the  design  of  the  input  part  of  the  receiving  indicator,, 
since  in  this  case  it  is  easy  to  compensate  for  reaction  by  the 
au.enna  of  systei  to  inclined  input  circuit  and  to  obtiii  the  optimua 
value  of  noise  faotor  on  all  working  freguency  band.  In  §'4.12  shown, 
that  when  KBV  = 1,  the  possible  dissimilarity  of  the  pacaaeters  of 
high-frequency  cables  is  led  to  minimum  Instrument  errors.  Is 
explained  this  to  the  facts  that  when  KBV  = 1 there  are  no  resonances 
in  antenna  feeder  system  and  the  dissimilarity  of  cell/elements  and 
the  possible  asyaaetry  of  antennas  is  not  created  large  errors. 

Thus,  are  obvious  the  positive  qualities  of  the  agreement  of  the 
loads  of  the  hig':-fr6rjuency  cables,  which  connect  antennas  to 
receiving  indicator,  with  the  wave  impedance  of  cable.  This  is 
especially  expedient,  when  antenna  system  is  arrange/Located  at  a 
great  distance,  egual  to  several  wavelengths. 

Therefore  during  the  design  of  antenna  feeder  system,  it  is 
necessary  to  examine  the  possibility  of  the  selection  of  such 
construction  of  antennas  during  which  is  provided  in  all  working 
frequency  band  antenna  matching  and  feeder.  For  this,  as  is  known, 
are  applied  large- diameter  vertical  wire  antennas  (with  small 
we  will  use  vertical  wire  antennas  with  the  thrown  in  celL/elenents  L 
and  P (§3.1)  and  of  the  diagram  of  the  compensation  for  tie  reactance 
of  vibrators  with  the  aid  of  the  concentrated  cell/eleaents  or  the 
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cuts  of  long  line  and»  etc. 

When  it  is  not  cepcesented  possible  to  achieve  agreaient  by  the 
selection  of  construction  or  antenna  cirouits,  sonetiies  between 
feeder  anl  load,  connect  the  special  adapters,  serving  for  the 
transfornation  of  the  impedance  of  antenna  into  the  affective 
resistanca,  equal  to  the  wave  impedance  of  feeder.  Finally,  if  the 
suitching  on  of  the  cell/elenents  of  agreement  is  impossible  or  it  is 
inexpedient,  is  applied  the  mismatched  antenna  feeder  system. 

Page  339. 

In  this  case  it  is  desirable  not  to  have  resonances  in  system  in 
wockiiig  frequency  band  and  to  obtain  KBV  of  feeders  as  close  as 
possible  to  unity.  Sometimes  in  antenna  feeder  system  it  is  necessary 
to  switch  on  supplementary  effective  resistance  in  oclac  to  decrease 
the  sanif astation  of  resonances,  if  cannot  be  avoided  them. 

From  that  wiLch  was  presented  it  follows  that  ace  possible  three 
versions  of  the  calculation  of  antenna  faedar  system  and  the  input 
device  of  the  recaiver  of  the  radio  direction  finder: 

1.  Direct  coinection  of  feeders  to  the  misaatched  with  feeders 
loads  (antennas)  and  obtaining  maximum  attainable  in  the  working 
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fretjiiency  band  of  the  transmission  factor  and  sensitivity.  In  this 
case,  it  is  necessary  to  consider  the  effect  of  the  retction  of  the 
rssistor/resistaaca  af  antenna  feeder  system  for  the  tjning  of  input 
circuit:  must  be  accepted  measures  to  tha  limitation  of  iistrument 
errors  dus  to  tha  possible  dissimilarity  of  the  cell/eleia nts  of 
system  and  asymmetry  of  separate  antennas^  Calculations  ace  given 
into  §§7. 3-7,0. 

2,  Aoplication/use  of  cell/eloments  of  agresmant  batveen  antenna 
and  feeder.  Matcilng  device  is  necessary  to  select,  tailing  into 
account  the  law  of  change  with  the  frequancy  of  load  iipaiance.  To 
usually  previously  solve  the  question  concerning  the  aivisability  of 
applying  the  adapters  of  the  agreement  of  loads  is  not  raorasented 
possible.  This  guastion  is  solved  as  a result  of  the  corresponding 
calculations. 

3,  sometlaos  is  possible  impedance  matching  of  intaiia  with 
feeder  without  ap?lication/use  of  supplementary  cell/elema nts.  This 
corresponds  to  the  use  of  wide-range  vibrators  (§3.  1|  . Isa 
advisability  of  making  one  or  the  other  decrsion  must  ba  ietermined 
as  a result  of  design. 


7.2.  Coafficiant  of  the  noise  of  input  circuit 
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The  majorit/  of  iiagraras  examined  balow  of  input  oicsuits  can  ba 
given  to  the  camman  equivalent  diagram,  presented  in  FLj.  7»  1. 

Let  ns  designate; 

■Yn.  — the  jet/ceactive  and  effective  resistanca  of  antanna 
(convertni  to  tha  input  of  receiver) ; 

Lj,  a,  ace  inductance  and  the  effective  resistan::;  ot  coupling 

coil; 

Page  340., 

4 2,  Rj  a:e  cap  acit  ance/capacity,  the  inductaaca  i nd  tha 
effective  resistaice  of  resonant  circuit; 

R;~  noise  laip  resistance; 

K - the  coupling  coefficient  of  the  coils  of  duct  an! 
comm unication /con  lection. 


'■oSii-i/’ 


DOC  = 77223217  PAGE  ^ 

Let  us  find  the  r esistor/rosistances,  introduce!  by  primary 
circuit  in  secondary; 


4k7’5=Pe. 

If  one  issuias  that  the  sole  noise  source  is  antenna  resistance, 
then  the  square  of  the  effective  value  of  noise  voltaja  La  secondary 
duct  will  be 

and  the  square  of  noise  voltage  on  the  ter minal/gtippars  of  the  duct 

ijt  „ . 1_  _ Pfil^Rt  I _ 

(A’')’  + («.  f A«)i  o,»C=  ' (-V')»  +{R,  + HR)'  ^Cl  ' 
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Fig.  7,1,  EgulvaLitit  diagtram  of  input  circuit. 


Page  341, 


If  wa  coisiiar  the  action  of  all  noise  soucces,  than  the  square 
of  ooinpl'.^te  noisa  voltage  on  the  grid  of  the  first  tuba  will  be 


expressed  by 


/ /2  P » -p  ii*Ri  -b  Rt)  \ p D iT  "W 

K-X")‘  + (/?,  + tHY\  »*C|  ^ ^ 


Henca  we  detacmine  noise  factor: 


uL 


Let  us  exanLie  the  case*  when  noise  laiap  resistance  is  very 
small,  so  that  last/latter  term  in  expression  for  a niLsa  factor  can 
be  disregarded. 
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Th2  factor  oE  the  noiae  of  Budde  then  is  equaL  to 

N=H-f;+,;5v 

From  this  e)cpression  it  is  evident  that  for  a dacraase  in  the 
noise  factor  it  Ls  necessary,  as  fat  as  possible,  to  incraase  n.  This 
can  he  reached  by  an  increase  in  the  coupling  coefficient  K and  by 
the  appropriate  aalection  of  valua  . Hance  it  follows  tiat  K must 
be  selectad  by  as  large,  as  this  is  possible  structurally.  As 
concerns  tlia  inductance  of  coupling  coil,  then  with  its  increase 
change  both  numerator  and  the  denominator  of  expression  for  n. 
Futtherraoro,  luriig  practical  fulfillment  simultaneously  with  loading 
in  the  coupling  coil  increases  its  effective  resistanca.  Usually  it 
is  possible  to  ccisidor  that  the  coil  Q of  coiumunication/c onnection 
has  constint  valua  Qj : 

Takiiig  into  account  these  facts,  ve  will  find  the  most 
advantageous  value  L^.  For  this  purpose,  let  us  write  the 
expanded/3car ned  expression  for  n^: 

tt'K*L,L,  


{X,  + »li)*  -fy/?,  + 


I ^ . '‘>L, 


Q, 


let  us  substitute  it  into  formula  (7.5) ; 

(A',  -r  coll)’  + 4- 


N=l  -U 

" Q.«.  ■ 


uUK'LiLj 
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Page  342. 


Sweepin  g ; . 13  expression#  disrega iding  small  tert  and 

banking  terms  with  identical  degrees  wLt*  we  will  obtain 


N:^l  + 


H <“^1 


1 + 4. 


(7.6) 


Tha  liniauii  af  noise  factor  is  obtained,  when 


y '+w 


(7.7) 


whore 


The  substitution  of  this  value  o>li —wf-ionT 
the  minimum  valua  of  factor  of  the  noise 


in  (7.  6)  g ives 


n™„=i+^4  (7.8) 


From  last/latter  formula  it  is  evident  that  the  oaupLing 
coefficient  must  be  undertaken  roaxiaium  (this  noted  ejrliac  than). 
Furtlie rm or e,  it  is  nace.ssary  to  ensure  the  maximum  energy  fact(nr 


DOC 


7722J217 


PAOE  vr^ 

of  resonant  circuit  and  quality  Qj  of  coupling  coil,  alttijugh  the 
latter  affects  ttij  value  of  noise  factor  considerably  iiaalcer  than  th 
energy  factor  of  resonant  circuit  and  coupling  coefficiant. 


If  wa  by  a designate  the  relation 


then  noise  i iCtor  can  bo  represented  in  the  forin 


(s:+qt)+1/3V-  (“+ 1)1= 

— N -V-  ^ d-  (■>!  — 1)' 


Page  34  3. 

Last/latter  formula  makes  it  possible  to  rate/estiraate  the 
effect  of  a ciiffsrence  in  the  inductance  of  coupling  coil  from 
optimum  value  on  the  value  of  noise  factor.. 

Let  u examiae  the  application/use  of  the  obtaiaai  firmulas  to 
diffarer.t  typa  antennas,  by  the  differing  character  of  reactance. 

1.  Raactanca  of  antenna  we  have  inductive  character  (framework) 

If,  = «./,„ 


y K’Q,  + Q, 


(7.10) 
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Fotmula  (7.13)  shows  that  tho  inductanca  of  soupLLng  coil  must 
be  lesw  than  the  Inductance  of  the  framewouK. 


Accorlinj  to  focaula  (7.B),  disreyacding  value  1/3i  in 

y 

comparison  with  V = Q«,  will  obtain  for  a miniaum  factor  of 


the  noise 


a^mmu  — 1 1 }•  (7.11) 


On  Fig.  7,2,  is  represented  the  graph/diagram  of  tha  dopendencs 


Nmuh  on 


for  the  case  when  Q,  = Qg 


2.  Paactanca  of  antenna  is  equal  to  zero.  The  optimua  inductanc; 
of  coupling  coil  and  miiiinium  noise  factor  will  be 


{®^i)ont  — • 


(7.12) 


(7.13) 


Page  J44. 
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3.  Raactinca  of  antenna  has  capacitive  chacactec.  Disregacding 
the  effective  resistance  of  antenna,  we  will  obtain  optiaun 
inductance  of  coupling  coil  from 

(»»^i)oiiT  = Ar*y,'+  Q,  ’ ^ 

This  expression  determines  the  optimum  tuning  of  the  antenna 

Minimum  tioisj  factor  will  be 

N..„, " H- 1^;-  [ 1 + / . (7.16) 

From  expression  (7.15)  it  is  evident  that  the  cesoniace 
frequency  the  antenna  of  circuit  in  this  case  must  be  higher  than 
operating  frequency. 

Th?  obtained  formulas  make  it  possiole  to  calculate  the 
cell/elements  of  input  circuit  of  receiving  indicator,  if  is  known 
antenna  resistance  at  the  input  of  receiving  indicator  ail  it  is 
possible  to  disrejard  the  noise  resistor/resistance  of  input  time. 
Since  antenna  resistance  does  not  remain  constant  over  a wide  range 
of  frequencies,  tie  formulas  of  present  paragraph  can  be  applied  only 
for  the  calculation  of  the  col l/elcment s of  input  with  narrow 
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frequency  h.^ui  .nin  aatenna  Lesistance  can  oe  considered  constant, 
and  alijo  for  a comparison  at  the  various  frequencies  of  tie  operatinj 
ranqe  of  minimum  coefficient  of  noise  with  coefficient  of  noise» 
obtained  as  a result  of  the  calculations,  given  in  tae  suosequent 
paragraphs.  Thesa  calculations  are  carried  out  on  the  basis  of  the 
requirement  for  oatai.ninq  the  maximum  transmission  factor  of  input 


circ  uit. 
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noisp  of.  frame  diLcction  findec. 


Key:  (1),  dB. 
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7. 3„  Calcrulation  af  the  effectiveness  of  spiral  loop. 


Simplest  diagram  of  the  framework  is  shown  in  Fig.  7. 

The  framework,  which  has  the  operating  inductanca  Lj 
effective  resistance  Hq*  is  tuned  with  the  aid  of  condansj 
C.  If  we,  designate  enif,  induced  within  the  framework,  ay 


3. 

an  d 

r/capacitor 
E,  than 
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witti  resonance,  when 


current  /,on  in  the  duct  of  the  framework  is  equal  to 


^ pea  — 


Vcltage  oi  cdndenser/capacitor,  supplied  to  the  qcii  of  the 
first  tube,  will  be 


/;  ' l'»a  „ ■- 


Ratio  l/wCRfl  = «La/Ro  = Q is  the  quality  of  the  frimawork.  Thus, 
for  the  tc  ansia  L ssL  an  gain  the  simple  spiral  loop  we  will  obtain 


=Q. 


(7.18) 


The  effactivenass  of  spiral  loop,  i.e. , the  ratio  of  qrij  voltage  of 
the  first  tuba  to  the  strength  of  field  E will  be 


where  E is  an  arai  of  the  traoework, 


X - wavelengt  h,  tn : 


turn  number. 
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Fig.  7.3.  Circuit  diagram  of  spiral  loop. 
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In  tde  balanced  network  of  the  switching  on  of  ths  Eranawork 
(Fig,  7,4)  or.  tha  grid  of  tube  falls  onl)'  the  half  of  the  voltage, 
which  is  received  on  condenser/capncitor.  Consequently,  affecti  eness 
will  be 


It  saould  not  ba  supposed  that  the  effectiveness  of  tha  balanced 
network  is  two  times  lower  than  asymmetric  one.  The  fact  is  that  Rq 
in  the  given  abova  formulas  one  should  understand  as  effaitiva 
resistance,  eguivalent  to  all  losses  in  Eramework  anl  t.ia  connected 
with  it  circuits,  including  resistor /resistance,  equivalent  to  losses 
in  the  circuit  of  the  grid  of  tube,  with  the  balanced  nat^ork  of  tha 
inclusion  this  coa poneut/term  of  resistor/resistance  lacraases  4 
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times,  which  leads  to  an  increase  in  the  factor  of  resonaice  and, 
therefore,  effectiveness. 

If  necessary  to  overlap  wide  frequency  band  is  possiale  the 
application/use  of  the  subdivided  framework-  Transition  from  one 
partial  ranqe  on  another  is  realized  by  switching  on  of  tie  larger  or 
smaller  tarn  numbar  of  the  framework.,  Tha  inoperativa  (ilLe)  turns  of 
the  framework  remain  in  this  case  extended  o\  are  close!  short-  A 
dfcf icioncy /lack  in  this  method  lies  in  the  tact  that  the  presence  of 
dead  turns  can  cause  the  asymmetry  of  tha  framework,  tiarafore,  an 
increase  in  tha  antenna  effect.  Furthermore,  the  presenca  of  dead 
turns  leads  to  an  increase  in  the  attenuation,  i,e,,  to  a fall  in 
quality  and  effectiveness  of  the  framework, 

Atiotier  raathod  of  the  overlap  of  wide  wave  band  consists  of  the 
application/use  of  diagrams  of  shorteninj  (Fig,  7-Ua)  and  of  the 
elongation  of  tha  wave  of  the  framework  (Fig.  7-Ub)-  In  tie  diagram 
of  shortening  in  parallel  to  the  framework  is  included  tha 
self-inductor 
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Fig.  7.4.  Dlagcaas  o£  the  wave  band  of  the  framework:  a)  ahortening; 
b)  elongation. 


Page  347. 

The  raaiilting  iuiuctaace  therefore  decreases  and  the  ftaaework  is 
tuned  to  shorter  wave.  Equivalent  diagram  for  the  cal::ulation  of 
effectiveness  in  the  case  of  the  shortening  of  the  wave  of  the 
framework  is  shown  in  Fig.  7.5.  Let  us  dasignate  iiap3Jji3a  between 
points  a and  b (tj  the  right  of  then)  by  2„(,: 

7 /?K  -r  /wLh 

Voltage  across  capacitor  {],,  will  be  equal 

I'f p 

^ E (ft.  + /mLm)  

^(i(l — ( I - - w’LkC)  » 4"  Lf 
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Voltage  asrsss  capacitor  aaxinmni,  when  the  inaginacy  pact  of  the 
denominator  is  turned  into  xero.  Disregarding  low  value  RhRoC 
in  comparison  witi  the  others,  resonance  condition  we  will  obtain  ii. 
the  form 


(0 


L.  + L,  1_ 

ULtC  ""r  L'C 


(7.20) 


where  = — the  inductance,  which  consists  of  tia 

parallel-connectei  inductance  of  the  framework  and  shortening  coil. 

After  supplying  this  condition  in  expression  for  Uc  and 
disregarding  R„  in  comparison  with  u>Lk  in  numerator,  let  us  find 
voltage  across  capacitor  at  the  resonance: 

Uo  . ..  = B ^ECr.  (7.21) 

Rt  + "Tj"  Rti 

In  foiTDiula  (7*21)  Q*  i>  an  equivalent  enerqy  factor  of  It  is 
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obvious  t-.nat  Q*  are  less  than  Q. 

Ths  trangmissi  or.  jain  of  the  franeworlc  is  equal  to 


*.-Q'  = Q 


» + 


L% 


A. 


(7.22J 


where  Q„  — tha  quality  of  the  shortening  ooil. 


r A 

aC  H CS 

1 

r 

/ 

Fig.  7.5.  EquLvalant  diagram  of  the  frameworK  with  shortening. 

Page  348. 

Ef f 63 ti veness  p,  is  equal  to 

p^=-hcQ'. 

In  t.ae  casa  af  the  elongation  of  the  wave  of  th»  framework  (Fig. 
7,4b)  can  ba  witaout  change  used  formula  (7.18)  of  the  transmission 
gain,  one  should  only  consider  that  hearth  Rq  here  is  implied  the 
total  resistance  nf  the  framework  and  coil.  Although  the  transmission 
gain  is  obtained  much  the  same,  as  tor  circuit  Pig,  7,3,  Ln  this  case 
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effectiveness  is  obtained  lower,  since  the  turn  nuubec  of  the 
framework  is  taken  smaller  than  this  would  be  possibly  luring 
application/usa  oi  the  same  wave  of  the  ciiagrau  of  adjustad  framework 
without  elongacion. 

Let  us  pause  at  the  question  concerning  the  salaotLon  of  the 
fundamental  paranaters  of  the  framework  - its  diameter  (or  side)  and 
turn  numbars.  Fro#  the  viewpoint  of  obtaining  the  greatest 
effectiveness  to  favorably  make  the  linear  dimensions  of  the 
framework  largast  possible.  Therefore  them  one  should  select  by  as 
large,  as  this  allow  practical  considerations  - convaiieare  in  the 
arrangement/permut ation  and  rotation.  With  the  assigned  linear 
dimensions  of  the  framework  for  a work  on  one  f ixeci/t^-^t  1 ed  wave,  it 
is  possible  to  fit  most  advantageous  turn  number.  The  existence  of 
optimum  for  a turn  number  is  determined  by  the  facts  that  the 
effective  height  of  the  framework  with  an  increase  ia  tfia  turn  number 
grow/rises,  and  tie  transmission  gain  beginning  with  certain  turn 
numb«^L  ills  as  a result  of  a sharp  incidenca/d rop  ia  guality  [7.1  ]. 

Virtudlly  always  problem  of  work  with  one  framework  in  certain 
frequency  band.  In  that  case  the  turn  number  of  the  Ecaaewock  is 
determine!  by  its  inductance  which  is  assigned  by  capacitance  value 
of  alternating/variable  conden ser/capacitoc  and  by  tha  selected 
diagram  of  input  circuit.  It  should  be  noted  that  the  franework  and 
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especially  the  wires,  which  connect  the  framework  with  careiver, 
possess  a comparatively  great  capacity.  Because  of  this  maximuB 
capacitance  of  al t ecnat ing/var iable  capacitor  is  raqaicai  greater 
than  for  the  overlap  of  the  same  wave  band  in  usual  ducts. 

If  nacessary  to  overlap  wide  frequency  band  when  it  is  required 
to  relate  the  framework  of  receiver-  expedient  to  use  the  diagram  of 
inductive  coupliij  with  the  unadjusted  framework- 


Page  349. 

on  the  calculatioi  of  this  diagram,  is  reduced  also  the  cilculation 
of  frame  system  from  goniometer-  This  calculations  are  jiiren  into 
§7.4. 

7-4.  Calcalation  of  the  effectiveness  of  the  framework  with  inductive 
coupling. 

Unad juste!  framework  with  inductive  coupling. 

In  tiis  cas3  IFig.  7.6),  disregarding  the  effect  of  the 


11 
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self-capa-itancs  af  tlie  framework,  its  impedance  we  will  obtain  in 
the  form 

2,  = /?,  -j-  “f*  h (^«  ^i)> 

Circuital  current  of  the  framework  is  equal  to 

I 


Ex 


4-  ^1  + /« (f»  4-  L\) 

The  introducad  iuto  secondary  duct  cesistot/resistinje  is  equal 

Ay  _ »‘A1»  I 

* “ IT 4-  »*(f.  +'Q'*  “ 

where  M is  the  mutual  inductance  of  the  lucts  of  the  fcaiawark  and 
input  (secondary); 

M = K /{L»  + L,)L,. 

Total  impadance  cf  secondary  circuit  is  equal 


7 I \7 p -i-  Rt) I 

_ I u>»  {L,  + L,)M*  ] 

^ (R,+  R,)*  + I»KL,  + Lx)»\’ 


1 
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inductive  coupling. 


the  switching  on  of  the  framework  with 


Page  350. 


In  the  presence  of  resonance  the  imaginary  part  of  this 
expression  is  tuned  into  zero: 


(oL, 


J AM 

wC|  (/?!  + ^l)*  + -f- Z.|)’ 


since  Pq  ♦ i«|  usually  is  considerably  less  than  4(13  ♦ Lj ) f in 
the  denominator  of  last/latter  term  it  is  possible  to  disregard  first 
term.  Then  we  will  obtain  the  approximate  resonance  condition 


M>  \ 
L\J 


I 

<i>C| 


= 0. 


Wg  see  that  the  effect  of  the  core  circuit,  equivaiait  to  a 
decrease  in  the  inductance  of  secondary,  by  value 


AM 


Lt  + L\ 


K'U  = K 


2 1 1 1 r II 

/•iTT/V 
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where  ^ob—  the  part,  of  coil  L?*  connested  with  Lj, 

Al  = K^/L^,. 

Silica  this  Clangs  does  not  depend  on  frequency  it  easily  can 
be  compctisatei  for  corresponding  increase  in  its  own  indactance  of 
the  secondary  duct  L2. 


FOOTNOTE  This  is  correct  only  neglecting  of  the 
capacitance/capacit y of  the  framework,  i-e.,  when 
ENDFOOTNOTE. 


The  resistor /rosisvance  of  secondary  circuit  in  the  presence  of 
resonance  is  equal 


p«i  — = + 


During  the  ijrivation  of 
(Ro  + Rj)^  in  comparison  from 


this  formula, 
W*  (1*0  *■  il) 


we  also  disregard  member 
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Let  as  deteciine  now  voltage  across  capacitor  ia  tlie  presence  of 
the  resonance: 


I-  — '■  (^>  - it+t;)  = 


2'l  pel  (/?t  + /?l)  + /W  (Z-t  4"  ll)  ' 


Again,  disraj arding  (Bq  ♦ Bi)*  in  comparison  from  i»*(Lo  ♦ Lj)  *, 
we  find  the  amplitude  of  voltage  across  capacitor; 


U 


c [len- 


f ^1*  \ 


^1/ 


f Af*  1 


(7.23) 


We  hence  fitii  the  transmission  gain 


wAf 


fia  = 


/ A)»  \ 

\ * Lj  + I'l/ 


+ (B*4-/?i)  (1»  + 1i) 


(7,24) 


We  convert  List/latter  fotmulaw  Introducing  designation  a 
LiAo  and  taking  into  account  the  equality 


1'  41  * _ _ + /?  I !• 


“1 
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we  will  obtain 


lAI 


where  6j,  62  ■"  ci't-'uit  damping  of  the  framework  and  input. 

Differentiating  this  expression  on  1 and  equalizLig  zero  for  the 
target/purpose  of  the  deter uinat ion  of  maximun  A’a,  we  obtain  oonplete 
cubit  equation  caLatively  a.  Taking  into  account  that  nsac  maxiniura 
value  kn  varies  little,  for  simplification  in  the  calculation 
admissibly  to  find  optimum  value  o,  after  placing  in  the  last/latter 
formula 


1 fc'-’ J:'  * 1 


Page  352. 


It  is  really/actually 


Under  these  assumptions 


an  d 


r-2  tt  Lrtt 


1. 


-*•- 
+ Kj  9) 


(7.26) 
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'•B  Malic 


A-/. 

24. 


X 


2*.  + a:?  », 


/'i? 


X 


(2-A;j3.+/\;3,^-- 


(7.27) 


On  Kig«  7.7,  is  given  the  graph/diagr dm  of  the  iepenienca  A*,,  „,„c 
on  K[^  at  the  different  values  of  the  ratio  64/62  and  when  Lca—L,. 
From  curv3/graph  Lt  is  evident  that  /iJaMBKc  grow/rises  almost 

proportionally  K,  to  the  values  K(,  approxiaately  egaal  to  0,  5-0.6. 
with  a further  in-rease  K,  an  increase  in  the  .jf fectivenass  occurs 
slowly. 


let  us  axainLie  cousidtrat  ions  by  choice  of  the  piCJinatars  of  ths 
fcameworK  for  the  case  of  the  unadjusted  framework.  Peon  formula 
(7.27)  it  is  evidant  that  the  unadjusted  frimawork 

inversely  proportional  to  square  root  of  its  inductance. 


rt  is  conceited  by  shape,  the  effectiveness  of  system  is 
proportional  to  vilue 


2nSNp  I 


Page  .353, 


DOC  = 77223217 


PAGE 

Consa quen tl y , tlie  dce^i  of  tht  framework  it  is  aivintiqeous  to 
make  larjsst  possltiLe. 

When  selestlig  turn  number  Np  one  should  consider  that  value  Lq 
also  depends  on  A^p.  This  dependence  takes  the  following  form: 

where  A,  B and  C - the  coefficients,  deterained  by  siza/i L mansions 
and  the  fora  of  tie  fratuevork. 

Vaiua  ==  -y-= ■ at  small  turn  number  grow/rises  almost 

yL,  y/  B,\\+C\j 

proportionally  A?,„  and  then  with  large  A',,  it  approaches  Limit 


A considerable  increase  A^p  can  lead  to  the  fact  that  its  own 
wave  of  system  will  render/show  within  working  wave  bail,  as  a result 
of  which  appears  aonunifotm  effectiveness  in  range  and  tha  whole 
series  of  complications  during  the  use  of  the  framewort  ia  radio 
direction  finder.  Furthermore,  in  this  case  are  not  used  the  derived 
above  formulas  {since  we  are  disregarded  Co). 
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Fig-  7,7.  Dependence  *a«.kc  on  Kt  foe  a spiral  loop  4itj  inductive 
cotnmunicat  ion/con  n ect  ion. 


Page  3 54. 

Therefore  they  aca  usually  satisfied  by  achievement  'iO-953/o  of 

limiting  valua  limiting  at  the  same  time  its  own  wave  of  the 

L, 

framework  (taking  into  aiTCount  the  capacitance/capacity  of  lead 
wires)  by  value  (1.5-0^  c) 

The  unadjusted  framework  possesses  somewhat  smaller 
effectiveness  than  inclined.  The  loss  in  the  applicat ion/j se  of 
inductive  coupling  the  gre''.ter,  the  higher  the  quality  of  the 
framework,  on  the  other  hand,  the  application/use  of  inductive 
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coupling  provides  the  large  uniformity  of  effectiveness  during  band 
selection  of  waves  and  therefore  it  gives  favorable  results  with  the 
very  wide  wave  band,  which  reyuires  the  large  number  of  switchings  of 
partial  ranges. 


Gonioroetric  systaa  with  the  locked  framework. 


Effectiveness  goniometric  of  system  of  two  mutually 
perpendicular  framework  is  egual  to  the  affectiveness  of  rotatable 
loop  with  the  inductive  coupling  which  has  the  same  diagram  of  input 
as  in  goniometric  system  with  the  maximum  communication/connection  of 
the  coils  of  goniometer.  On  the  basis  of  this  on  the  calculation  of 
goniometric  of  system  with  the  framework  are  used  the  formulas, 
derived  for  the  calculation  of  the  framework  with  inductire  coupling. 

In  the  case  of  the  work  of  goniometric  system  in  vary  wide 
frequency  band,  a' e applied  the  following  methods  of  the  realization 
of  switching  partial  frequency  bands:  complete  switching  sf 
goniometers  (or  tieir  exchange)  over  partial  ranges,  switching  the 
sections  of  search  coil,  application/use  of  diagrams  of  elongation 
and  shortening  foe  search  coil  and  the  application/use  of 
intermediate  untuned  circuit. 
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owitJl.ing  gaiiamatetb  ovet  tjartial  frequency  bands  is  the  best 
method  from  purely  electrical  point  of  view.  However*  ttiLs  method  is 
bulky  and  very  coiplicates  mounting.  Switching  the  sections  of  search 
coil  of  goniometer  is  applied  very  rarely,  since  it  is  extremely 
difficult  to  carry  out  this  switching  during  fulfilling  of  all 
requirements  in  tie  relation  to  the  symmetry  of  diagram  and 
winding/croil,  in  the  absence  of  spurious  coupling  and  siallness  of 
octant  arror  of  goniometer. 


The  use  of  a circuit  of  elongation  and  shortening  of  search  coil 
is  most  wj.dely  used. 

Page  3 55. 

For  the  calculation  of  the  circuit  of  elongation,  are  dicactly  used 
formulas  (7.25)  aid  (7-27)  of  present  paragraph. 

Let  us  give  the  calculdtioit  o£  the  diagram  of  shortening, 
presented  in  Fig.  7.8a.  In  accordance  with  the  already  usad 
previously  method  let  us  find  equivalent  emf  and  coupled  impedance  in 
the  circuit  of  search  coil; 


% 

-r 

% 

1 


—4 
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Let  UR  dasigiate  the  ciianged  due  to  coupled  impedancas 
parameters  of  search  coil  L\  and  R'n.  Then  to  further 
calculation  is  subject  dlayram  Fiy.  7.8b«  It  is  complataly  similar  to 
the  diagram  of  ths  shortening  of  the  framework.  For  determining  edge 
stress  and  a resonance  condition,  we  utilize  formulas  <7.20)  and 
(7.21),  rsplacing  in  them  only  the  designations: 


(0 


u 


c I cn ' 


■ E, 


1 03  ' 


R'h  -1-  -V  R» 


/Ln  -i-  I/m  1 

ul,c--yV(T' 

_ p M M/.*ii 


R'a  + ■ 


— R 
Ll 


Pa- 


At 


u>L\ 


■Lt  + L, 

R'«  + ~rr 


(7.28) 

(7.29) 


In  tiis  fomula  are  known  all  values,  with  the  erception  L„, 
since  they  are  determined  by  the  calculation  of  that  rangs  on  which 
shorting  is  abseit.  Thus,  the  calculation  of  the  diagram  of 
shortening  is  reduced  to  determination  L',„  then  aid  to  the 

subsequent  checking  of  effectiveness  from  formula  (7.23). 


Fig.  7.8.  DiagraB  of  goniometer  with  shortening 
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Page  356. 


Diagram  vfLta  intarmediate  untuned  circuit  (Fig* 
expedient  to  use,  if  it  is  necessary  to  decrease  tlie 
frame  duct  to  the  tuned  circuit-  On  effectiveness  it 
only  with  the  very  large  number  of  frequency  ranges* 
calculation  1st  U3  find  emf,  induced  in  intermediate 


7,9)  it  is 
reaction  of 
can  he  favorable 
For  its 
circuit; 


■Up  ‘ 


M 


r*  jri 


The  introducad  into  intermediate  circuit  resistor/cssistance  in 
this  case  we  disrsgard,  since  it  is  not  inclined,  and  therefore  the 
effect  of  coupled  impedance  is  small*  Tha  maximum  of  aaf  occurs  when 
l/ioiiT  = lo  and  it  is  equal  to 


-1(1)  MB  1(0 


To  further  calculation  it  is  possible  to  use  the  formulas 
(7.24) - (7.  27)  of  this  paragraph,  replacing  in  them  Lq  on  U-  The 
transmission  gain  of  system  is  determined  by  the  formula 
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Vi: 


“ ^i.i>  *•  + 7,, 


(7.30) 


The  affectiva ness  of  diagram  with  intermediate  cir^aLt  is  e 
to  the  ef f ectivenass  of  the  diagram  without  intermediate  circuit 
multiplied  by  —•  In  usual  values  /C£,  = 0,5-+-  0,7  thia 
corresponis  to  a iecrease  in  the  effectiveness  2-4  times. 
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Pig-  7-9.  Diagcaa  of  goniometer  with  unaijusted  i ntec a a iii te  circuit. 


Page  357- 

If  loop  antenna  is  referred  from  receiver  and  is  coiiected  with 
its  input  by  Long  feeder  {for  example,  with  the  aid  of  coaxial  cable 
in  ship  radio  direction  finder),  then  in  the  given  caloulations 
instead  of  inductive  reactance  of  framework  wLq  and  of  eiC.  will 

enter  those  who  wjre  converted  due  to  those  who  are  given  below 
formulas  ( 7-  38)  - (7 . 40)  of  resistor/resistance  and  emf  of  the 
framework.  For  a decrease  in  the  manifest ation  of  resonances 
sometimes  at  ttie  snd/lead  of  the  feeder  of  receiver  is  connected 
supplementary  effective  resistance  in  parallel  to  the  load  of  feeder 
or  consecutively  witi.  it  [7-13]. 
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7,5.  Calsulation  af  effective  heiglit  and  input  antenna  resistance  of 
system  with  a small  separation  of  the  vertical  wire  antenias 
(cosinusoidal  dicsctional  characteristic). 

The  antenna  system  in  question  is  either  the  rotary  pair  of 
antennas  or  n of  aotionless  antennae  arrange/located  in  the 
apex/voctexes  of  correct  n-cornec  iron. 

\ 

Let  us  examine  the  possible  ways  of  fulfilling  funlaiental 
requireniants  on  tie  calculation  of  by  the  antenna  of  system  - 
obtaining  minimum  instrument  errors  and  best  sensitivity  of  radio 
direction  finder. 

In  §§4.5  and  4.8  is  given  the  calculation  of  the  errors, 
produced  by  the  different  types  of  asymmetry.  It  was  shown,  that  the 
value  of  errors  and  diffuseness  of  the  minimum  at  direction  finding 
3s  determined  by  the  dissimilarity  of  amplitudes  and  phases  of 
currents  in  separate  vertical  wire  antennas,  and  also  by  the 
dissimilarity  of  the  geometric  dimensions  of  antennas  and  feeders. 
The  small  disagreement  of  the  parameters  of  separate  atitamas  and 
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feeders  near  the  resonance  frequency  of  i ntenna-f eedar  system 
produces  tha  sharp  inequality  of  amplitudes  and  phases  of  currents 
and,  therefore,  large  errors  and  the  difCuseness  of  tha  minimum. 
Experimant  shows  that  with  the  usual  accuracy  of  the  production  of 
antenna  feeder  system  it  is  possible  to  ensure  tha  acceptable  level 
of  errors,  if  tha  resonance  frequencies  of  system  differ  from  workers 
by  10*15o/o.  Therefore  resonance  frequencies  are  selactai  so  that 
they  would  lia/rast  beyond  range  and  would  differ  by  the  Indicated 
value  from  one  of  the  extreme  frequencies  of  the  range. 

Page  358. 

Prom  calculations  it  follows  that  the  natural  fcsgusicy  £i)«  of 

antenna  faeder  circuit  is  expedient  to  take  lower  than  smallest 

frequencies  of  range  o>mhh.  since  in  this  ci  se  the  effectivaness  of 

radio  direction  finder  changes  in  the  range  of  frequencies  less  than 

vhen  selecting  tha  natural  frequency  the  circuit  Wb.  highar  than 

greatest  frequency  of  range  This  is  evident  from  Fig.  7.10  in 

which  are  constructed  for  certain  special  case  two  curves  the 

dependencas  of  tha  effectiveness  of  radio  direction  finder  on  the 

Qj 

frequency  when  “a  tha  first  case  the 

effectiveness  chaiges  over  range  less.  Furthermore,  on  short  waves 
when  selecting  natural  frequency  by  the  antenna  of  circuit  higher 
than  frequencias  of  operating  range  the  inductance  of  the  field  coil 
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of  goniomster  can  pCDve  to  he  so  insignificant  that  obtaining  in  the 
goniometer  of  uniform  magnetic  field  becomes  difficultly  attained.  In 
this  case,  also  bagins  to  be  developed  the  magnetic  distortion  of 
goniometer  as  a result  of  the  effect  of  the  wires,  which  connect 
field  coils  with  feeders. 

In  wLde-ranji  radio  direction  finder  sonetines  it  is  necessary 
to  retain  the  resonance  frequencies  of  antenna  feeder  system  within 
the  limits  of  the  freguency  band  of  the  r 3*110  direction  finder.  In 
this  case  special  importance  has  the  careful  adjustment  of  system  on 
the  sections  of  the  frequencies,  close  to  resonance. 

In  order  to  decrease  the  manifestation  of  asymmetry  during 
approach/approxiiition  to  the  resonance  freguencies  of  antenna  feeder 
system,  one  should  as  far  as  possible  to  lower  wave  antenia 
resistance,  either  introduce  attenuation  into  feeders  or  select  entry 
impedance  of  receiver,  close  to  the  wave  impedance  of  feeder  [7.7]. 

Earlier  were  obtained  equivalent  diagram  (Pig,  3.33)  and  formula 
for  the  calculation  of  the  current  of  search  coil  of  goniometer 
(3.72)  . 
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Fig.  7,10.  Effectiveness  cucvss  of  radio  diraction  flndar. 


Page  3 59. 

I) 

If  search  coil  of  goniometer  enters  in  the  inclined  grid  circuit  of 
the  first  tube  of  reception  indicator  and  the  capacitance/capacity  of 
tuning  is  designated  by  Cc,  that  for  a grid  voltage  of  the  first  tute 
we  will  obtain 

n / * 

i’e9  — MaKc 


tfh  ence  t4i3  effectiveness  of  goniometric  systea  with  n antannae  will 
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6^^ 


:Mod 


n — ^ — 

Pa  — - g— — 

K-r -it 


+ /foU.)  +2«  + 2.^  + jaaL„, ^ J 


(7.31) 


whero  N = n/2  is  i number  of  pairs  of  antennas; 


Hq  - effa::tive  height  vapors  of  diametrically  opposite  antennas 

Lno  = 7-n-y  - equivalent  according  to  diagram  inductaaca  in  antanna 
circuit; 


in  is  inductance  of  the  field  coil  of  gonionetar; 


the  iuiuctance  of  search  coil  of  goniometer; 


- the  load  impedance  of  search  coil; 


Ma  — Ky/L„,L„  is  mutual  inductance  according  co  the  diagras; 
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)/  LtiLa  is  Riaxintuia  niutual  inductaoce  between  the  sails  of 
gonioieter; 

K - maxisuB  coupling  coefficient  in  goniometer  aai  saupling 
coefficient  in  equivalent  diagram; 

n 

2,*  -=  22,.,  + 2 2^^-  .cos  (7.32) 

mat  I 

impedance  of  the  pair  of  antennas,  referred  to  current  in  the  field 
coil  of  goniometeL  (^3-10). 

Page  360. 

In  the  case  of  the  rotary  pair  of  antennas  Mmukc, 
and  L„  they  are  related  to  the  input  transformer  of  receiving 
indicator- 

The  problem  concerning  applicat ion/use  in  the  diagtin  of 
intet'seliita  untutsd  circuit  must  be  solved,  combining  requirements 
of  sensitivity  and  one-handed  tuning. 

For  the  calculation  of  effectiveness  po  by  the  antaina  of 
system  it  is  cequired  to  deter  mine  the  parameters,  entering  the 
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formula  (7.31)  „ 

Effect  of  the  number  of  antennas. 

For  an  increase  in  the  effectiveness  at  the  base  altitude  of 
sin^jlo  vertical  wire  antenna,  it  is  possible  to  incraas*  the  number 
of  antennas  and  the  separation  between  them.  The  value  of  separation 
is  limited  to  the  maximum  error  of  separation,  which  is  ossecved  on 
smallest  wave  of  operating  range.  The  permissible  separation  with  th 
assigned  error  increases  with  an  increase  in  the  number  of  antennas. 
Thus,  an  increase  in  the  number  of  antennas  is  led  to  an  Increase  in 
the  effectiveness  not  only  because  of  the  number  of  antennas,  but 
also  because  of  an  increase  in  the  permissible  separation. 

For  the  quantitative  determination  of  the  effect  of  an  increase 
in  tlie  nunber  of  antennas  by  effectiveness,  let  us  turn  to  formula 
(7.31)  „ 

Calculations  show  that  the  total  resistance  of  the  pair  of 
antennas  Zn,i,  little  depends  on  the  number  of  antennas,.  Therefore 
Under  the  condition  of  the  presarvation/re ten tion/maintaii ing  of  the 
resonance  frequency  of  the  pair  of  antennas,  we  have 
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■’1“  ~ const. 

If  coupling  caefEicient  in  goniometer  does  not  change,  then  we  come 
to  the  conclusion  that  Z-im  and  M:,  they  do  not  depend  on  the  number 
of  antennas.  Fro*  formula  (7.31)  it  follows  that  in  this  case  the 
effectiveness  by  the  antenna  of  system  At  is  proportional  to  square 
root  from  the  nujoer  of  antennas.  Effectiveness  changes  also  due  to  a 
change  in  the  effective  effective  height  Hq#  which  affects  separation 
2b,  different  for  the  different  number  of  antennas  (see  Table  4.1), 

Page  361. 

Calculation  of  affective  height  and  entry  impedance  of  antenna  feeder 
system  from  the  pair  of  antennas  with  the  direct  connection  of 
antennas  to  feeders. 


We  give  the  necessary  for  further  calculations  formulas  from  the 
theory  of  long  liies  [3.1,  3.4]. 

Let  voltage  £n  be  connected  through  resistor/resistance  to 

the  input  of  feeder.  Let  us  designate  //i^,  Pci>.  Yi’  " tae  c.onstant 


n 
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of  pha.se  displacement,  attenuation  and  propagation  constamt  of 
feeder,  moreover 

= + ; m = ^-. 


*4*  - the  dielectric  constant  of  insulation  of  feeder; 


P'11  - wave  inpedance; 

U-  the  length  of  feeder; 

pill  C t ll  Og . 


Then  output  resiscance  at  the  end/lead  of  the  feeder  will  be 


Zaux—  Pt  — P4i  “ 


Voltage  on  tie  end/lead  of  the  feeder  is  expressed  oy  the 
formula 

cl.  (uU  4-  = (ch  Y4-4  + 1;-  sh  UU)- 

(7.34) 


Wo  convert  (7.33)  and  (7,34); 


DOC  = 772  2.3218 


PAGE  J-6-^ 





V ((*,;+P?. ) 2{I*/*+2/?,P4,  sh  2f*/tl  +l(p;^  — zf)cos  


^BMI  — — 2 


-*—2Xtf^  sin 

P»  [(Pji  +'^?)  + 

((zj  + ) ch  2p4,i*  4-  2/?iiPit,  sh  2J<,/,),]  -r 

+ 2/?.p»  ch  2j»i«l 


+ ((Pj  - '.)  CO*  2/n,4  — iXtH  *•"  2«*/*] 


(7.35) 


(7.36) 


(‘■f  l(»j  — **»  2»>»4  + 

[74  + pii,)ch2j4.4  -h  2/<.P*  sh  2P,/*1  + 

+ 2A'.Pi|,  cos  2/>i»<4,] 

+ KP<i  — 4^  cos  2m«/0  — 2A'tPiti  sin  2m^I^] 


(7.37) 


Page  362. 


Here 


When 


z.=-VK+K 


Zji — ^ piji  cind  ^a' — 
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that 


g.e 


/c1i2M*  + *»'2J*4  * 

/?gMX  = P(Jl,  — 0. 


The  field  coil  of  goniometer  it  is  possible  to  inoljie/connect 
consecut i V b1 y or  parallel  in  the  feeder  of  antenna.  Let  us  examine 
these  cases  separately. 


Figures  7.11  gives  schematic  and  eguivalant  diagrais  for 
ca Iculutioi;  by  tha  antenna  of  system  with  the  series  connection  of 
the  field  roil  of  goniometer  into  feeder  from  antennas  ('J-shaf>ed 
system).  In  figura  Xi  - /?ai +/'^m  and,  are 

impedances  of  separate  antennas  (its  own  and  introduced  from  the 
adjacent  antennasi^  referred  to  the  currant  antinode  in  antenna;  Eai  = EA,.e-''"'’ 


» 


and  £„2=E/i,,e^"'' 


enf,  induced  in  antennas. 
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Fig,  7-11,  Gegue.itial  switching  circuits  of  field  coil 
system):  n)  s^haaitic  diagraoi;  b)  eguivaleut  diagram. 


Page  .163, 

Let  as  convert  resistor/resistance  2,|  and  eaf  £,1 

Lf. 

vibrator  to  the  pnint'^of  the  connection  of  field  coil, 
the  attenuation  of 
(7.3'i)-(7.  37)  : 


(7- shaped 


of  left 
Disregarding 


feeders,  we  will  obtain  the  foraulas 
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V f-J, C0$« m*/*  + {Rl^  4-  A'J,)  *ln*  m*/*  — X,,?*  «ln  2m*f* 

(7.38) 


/?a  = 


+(/?„!  +A'^l) sin* sin  2ot4,/#’ 

(7.39) 

Y p»  — -yai)  "»»u  <=o«  m»i»+A’.  ,Pt  — ^ 

pJ,cos«  OT*/*  + («;|,  + .Yj,)  sin*  m*i* — 

-Wj^p^sin^^  (7.40) 

— Jf,,P4Sln  2m*l*  ' ' 


For  tha  right  vibrator  of  expression  for  Rt  and  reBain  tha 
sale#  for  voltage  £o  (at  point  b)  in  nuaerator  (7. 38)  instead  of 
e-imb  one  should  write 

tha  voltage  at  points  ab  with  off  field  coil  will  be 

= (7.41)  ' 

The  affectiva  height  of  the  antenna  feeder  systan  of  the  pair  of 
antennas  from  (7,38)  and  {I.H'')  when  = is  obtained  equal  to 
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2 iln  mb  

cos'  + (RI  + '^a)  >in'  ">«/*  — Xtft  tin  2m«4 

(7.42) 


Entry  iapadaice  nf  the  antenna  feeder  system  of  the  pair  of 
antennas,  in  reference  to  current  in  the  field  coil  of  goniometer, 
will  be 

Z^g  — = Za  4"  Zj. 


with  the  ooiolete  symmetry  of  system  Z^  — Zg  ini  therefore 


Page  364. 


Za*=.2Za==2(/?a4-/;f.).  (7.43) 


Formulas  (7.42),  (7.43),  (7.39)  and  (7.40)  they  sarva  for  the 
calculation  of  affective  height  and  resistor/resistance  of  antenna 
feeder  system  when  it  is  necessary  to  consider  the 

resistor/resistances  of  vibrators  /?«•  If  it  is  possible  to  disregard 
in  comparison  with  and  to  count  that 

A,  = - P,  clg  ffi/„  tg  , 


Pb' 


where 


- wave  impedance  and  the  length  of  vibrator,  then 
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formulae  (.7,  39),  (7.42),  (7.40)  and  (7.43)  can  be  simplified 


^.  = 0 

2 sin  mb  tg 


^cos  +■—  sin  cig  rnl,  j 

Pii.  (Pii'  sin  — p,  ctg  ml,  cos 

'’•«  P4.  cos + p,  clg  ml,  sIn'/«4,/,|,  ~ 


Pi|i 


I — ctg  Ml.  ctgm4,4 

ctgm*/^,  + ctg  ml, 

^nil.  = 


(7.44) 


(7.45) 

(7.46) 


Figures  7, 12  gives  schematic  and  equivalent  diagrams  for 
calculation  by  the  antenna  of  system  with  the  parallel  connection  of 
the  field  coil  of  goniometer  into  feeder  from  antennas  (H-shaped 
system) . 
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Fig.  7.12.  circuits  of  parallel  connection  of  field  coil  (H-shaped 
system):  a)  sshauitic  diagram;  b)  equivalent  diagram. 

Page  365- 

In  Fig.  7,12  designations  the  saae  as  in  Fig.  7,11,  Voltages 
and  resistor/resistances  Z„g,  and  Zg„2  from  each  antenna  at 
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pointsab  of  the  connection  of  field  coil  of  goniometec  ace  designed 
from  the  same  fociulas  (7«38),  (7-39)  and  (7.40),  that  also  for  the. 

case  of  the  secies  connection  of  field  coil. 

The  total  voltage  from  both  of  antennas  on  the  tacminal/grippecs 
of  field  coil  with  its  disconnection/cutoff  in  accordaace  with  Fig. 
7.12b  will  be 

p ^a6i^aSl 

"*  ^ag\  + ^a«2  ^agl-*-^ag2 

Entry  iapedaice  of  antenna  feeder  system  on  terninal^grippecsob 
is  determined  by  the  expression 

^aSl^agt 

When  diagran  is  symmotrical,  then 

7 7 7 7 . IT  J ”■  ^ilg  I 

^ag\~~^agi  — %«  • 2 

Expressions  for  ilg  and  in  the  case  of  parallel  connection  of 

field  coil  of  goniometer  into  the  feeder  of  antennas  will  be 

^ tlamb 

(7.47) 

= ^ = + (7.48) 
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Mhcre  Rad  they  are  designed  from  formulas  (7,39)  ind  (7,40). 

Page  366, 

If  It  is  possible  to  disregard  resistor/resistan::2  in 
comparison  with  A'»  and  to  count  that  in  this  case 

-p.ctgwi/,,  /»«  = “ 

we  will  obtain  ths  calculation  fornulas 
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r., 


r 


(7.51) 


_2 p.|,.  sin  m/,  sin  — p,  cos  ml,  cus  nijl^  

~ cos  sin  ml,+  cos  mU  sin  m^/j, 

P»  r4> 


W (C^n  C»n) 
P" 


(7.52) 


For  tha  parallel  connection  of  the  field  coil 


2«<.» 

‘(‘+fer 


^«(ll  — nT: 


2w  (Csrn  +C»n)* 


(7.53) 


(7.54) 


where  Cbi  C4,  are  linear  capacitance/capacities  of  vibrator  and 
feeder  on  1 a of  Length; 


C»n  — Cb/b,  C,i,n“C',|,/,|,  are  complete  antenna  capacities  atil  faeder. 


Page  36'J, 
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From  formulas  (7.51)  and  (7.53)  is  visible  the  irapoct- ::a ce  of  a 
decrease  in  the  calation  for  an  increase  in  tha  affective 

height  of  systaa.  For  the  possibility  of  the  calculation  of 
effectiveness  according  to  formula  (7,31)  we  will  exaaiaa  the 
questions  of  sela^tion  n and  of  calculation  rig  and  Za*.  Tha  parameters  L„ 
Z„,  K and  Cc  are  establish/installed  during  the  calculation  of  input 
circuit  of  reception  indicator.  Procedure  of  calculation  L„a  is 
clarified  below,. 


7.6.  Calculation  of  H-shaped  system. 


Fundamental  and  the  equivalent  diagrams  of  the  pair  of  antennas 
are  given  in  Fig,  7.12. 

For  calculation  is  assigned  the  frequency  band  of  the  radio 
direction  findet  /mui— f'inm- 

Let  us  calculate  first  of  all  antenna-dipole.  Tha  Laigth  of 
halfdipols  /«  wa  will  select  on  the  basis  of  the  fact  that  in 
vertical  radiation  pattern  will  not  being  gaps.  Must  b?  *ade  the 
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/^<0,625A^ 


■ s 

I 

’I 


The  diameter  of  dipole  2a  it  is  desirable  to  take  as  possible 

large,  so  that  by  an  increase  in  the  diameter  is  improved  the 

^*>  P»i  ^11  P, 

agreement  of  dipole  with  feeder  and  increases  Be  will  calculate  i 

of  dipole  in  tne  range  of  freguencies  fKim  — and  also  for 

this  same  frequency  band.  Considerations  on  selection  af  separation 

2/*. 

2b  arc  presented  earlierwr  On  the  basis  of  construction,  we  determine 


% 


It  is  selected  or  we  design  feeder.  It  is  desirable  so  that 
of  one  order  or  is  wore  than  Pa-  We  design  from  formnlis 
(7.47)  - (7.  50)  and  0,5Z^,  and  also 

U ! ^oUl  ~ ^052 


was 


2E 

The  inductance  of  field  coil  it  is  selected  so  that  the 

natural  frequency  of  the  antenna  feeder  circuit  of  the  pair  of 
antennas,  which  consists  of  the  pair  of  antennas,  feeder  and  the 
equivalent  field  :oii  of  goniometer  (see  Pig.  3.33),  it  was 

located  outside  working  frequency  band  /mni  — ^laKc■ 

Page  36b« 
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t 

'4 


Fiyucr^s  7,13  depicts  the  dependence  of  the  reactanca  of  antenna 


feeder  circuit  (taking  into  account  the  resistot/resistinces 
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(,73 

intLoduct'l  fcora  other  antennas),  undertaken  with  opposite  sign  (— A’aiii) 
on  fraguenoy.  Two  Possible  straight  lines  for  are 

given  in  this  sane  figure.  The  natural  frequencies  of  antnnna  feeder 
circuit  are  deternineQ  by  the  points  of  intersection  of  carve  - 
and  straight  lines  mina:  they  are  selected  so  that  they  differ  by 
10-15O/O  fron  the  extreae  frequencies  of  the  range  (/miih  and  /muko)- 

As  -Shown  earlier,  it  is  profitable  to  stop  at  striLqht  line, 
giving  intersection  from  curve  at  frequency  less  w*,,,,!.  Straight  line 
i'^Lu3  deteraines  the  inductance  L„  of  field  coil,  for  exanole 

/ — 

" ’<•>«. Ill  ^/2’’ 

if  the  5sl f- capaoi tance  of  field  coil  can  be  disregarded. 

In  the  general  case  the  resistor/resistance  of  the  field  coil  of 
goniometer  -^n  is  parallel  connection  of  inductance  aid  of  coil 

capacitance  Cf  Tierefore,  if  it  is  not  possible  to  disregard 
capacitance/capacity  C„  then 

V"  win 

LnC.iO' 

and  in  the  piecedi n g/previous  example 
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Fig.  7.13,  selastion  ot  inductance  of  field  coil  of  gonioieter. 


Key;  (1).  Hesista c/res istance. 


Page  369, 


In  §'4.8  ace  lerived  tlic  dependences  of  the  errors  of 
spaced-antenna  direction  finder  on  the  different  reasons  for 
asymmetry  of  antaina  feeder  system  and  is  made  the  conclusion  about 
the  need  for  designing  this  system,  so  that  its  resonaice  freguencies 
lie/rast  outsiietie  working  freguency  band  of  the  radio  direction 
f inder- 

Let  UK  examiae,  which  limitations  this  reguicefnaat  places  on  the 
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selection  of  siza/dimensions  of  the  antenna  of  system. 

Let  us  disaant le/select  two  cases: 

1)  tiie  recent  ion/procedure  of  the  vectically  polacized  electric 
field ; 

2)  ttip  raception/ptocedure  of  the  horizontally  polarized 
electric  field. 


Reception/proceduce  of  the  vertically  polarized  field. 


Considering  that  in  the  center  of  system  the  phase  of  electric 
field  is  equal  to  zero,  we  have  for  enf  in  dipoles  (sea  Pig.  7.12a) 

£„,:=E/iy^ 

where 

n_ 

9 b cos ')  cos  p. 


Doconpose  eif  Eai  and  into  phase  and  nonphi  3 a E iir}i  terms: 


==  E/i,  (COS-P  — j sin  f)  == 

En,  E/!..  (cos  « -f  / sin  <p)  ^ E,^,  -f 
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or 


/ 2«  \ 

E^(^  — E/i^cos  ^-j^ftcosOcospj, 

^iii.|.  ~ — E/t,.sin  ^~bcos<t  cos,3j, 

£',(ii  = E,i(i  ^iiii|)< 


Phase  the  cospoiients  of  emf  determine  one-act  current,  nonphase 
- the  pusn-pull  current,  passing  through  the  field  coil  of 
goniometer. 

Page  370. 

It  is  obvious  that  phase  the  components  of  emf  in  balanced 
networK  will  not  create  current  in  field  coil,  i,e«,  tae  voltages  at 
points  a and  b will  be  equal  to  each  other  lPig»  7,143).  Equivalent 
diagram  for  the  slnjle-cycle  current  of  system  will  obtain  form  as  in 
Fig.  7.14b,  with  short  circuit  instead  of  the  coil. 

NonpaasB  tha  components  of  emf  of  right  and  the  left  of  dipoles 
store/add  up,  and  they  will  create  in  field  current  coll.  The 
equivalent  diagrai  of  system  for  a push-pull  current  will  talce  the 
form,  depicted  oi  Fig.  7.15,  where  X^-  is  the  reactance  of  the  field 
coil  of  goniometer.  In  Fig.  7.15  are  designated  instantaneous  values 
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enf. 


Resonance  canJitiori  for  a singlo-cyi le  current  Ero«  Pig,  7,14b 
will  be 


^a+POi  tg  ~ 0 


or,  considering  that 


^•  = — P.Ctgffl/,, 


we  have 


Pi,  tg  — p,  ctg  m/,  = 0. 


h 


whence 


1 — ^ ctg  fft/g  ctg  = 0,  (7.56) 


U 


tik... 


H 

1 


■•r? 


1 

9 


i 


■4 

1 
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Fig.  7.14.  EquiviLent  diagrams  for  phase  currents. 


pig.  7.15.  Equivalent  diagram  for  nonphase  currents. 


Page  371. 


In  order  to  avoid  resonance  for  a single-cycle  currsat 
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necessary  to  satisfy  in  working  freguency  band  the  condition 

I 

^n¥‘~arcctg^-^lgmf,/^j.  (7.57) 

Let  this  cesanance  occur  for  frequency,  to  10-15o^o  of  larger 
naxinuni  freguancy  of  range.  Let  us  designate  a and  foe  frequency 
by  10~15q/o  higher  than  maximum  by  Dq  and  m^o.  Then  suppL ai entar y 

I 

limitation  for  tha  selection  of  the  length  of  faalfdipole  /,  at  the 

ii 

selected  length  of  feeder  4 will  be  from  (7.57): 

/,<^arcctg^^tgw*./4,^.  (7.57') 

During  the  calculation  of  resonance  frequencies  for  i push-pull 
current,  we  procaad  from  Fig.  7,15b  in  which  is  re ject/thcown  the 

half  of  ahtenna  feeder  system  and  therefore  A'na  is  rapla^ad  by  2An,. 

|b 

the  condition  of  the  absence  of  resonance  for  a push-pull 
current  in  the  fiald  coil  of  goniometer,  as  this  follows  from 
equivalent  diagram  in  Fig.  7.15b,  coincides  on  condition  for  the 
selection  of  the  inductance  of  field  coil.  Thus,  during  the  correct 
selection  of  the  inductance  of  field  coll  this  condition 

(t 

automatically  is  satisfied, 

Eeception/pcocedure  of  the  horizontally  polarized  field. 
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In  by  aornaLLy  working  H-type  antenna  to  system  tha  liocizontal 
coniponnnt  of  eleotric  field  is  not  produced  currents  in  the  field 
coils  of  goniometer  due  tc  the  symmetry  of  system. 

If  in  system  appears  asymmetry  (for  example,  Ineguallty  of 
resistancas  of  on?  of  the  half-dipoles  relative  to  the 
resistor/cesistan:es  of  other  half-dipoles),  then  the  currents,  which 
take  placs  in  tha  halves  of  field  coil  from  horizontal  field,  are  not 
counterbalanced.,  \re  observed  the  reception/procedura  of  sorizontal 
field  and  polarizitional  errors,  so  that  asymmetry  of  system  strongly 
does  not  manifest  itself,  the  reactance  of  system  in  working 
frequency  hand  for  phase  and  nonphase  voltages  of  horizontal  electric 
field  must  not  be  equal  to  zero. 

Page  372. 

for  the  horizontally  polarized  field,  inducing  emf  in  feeders, 
the  feeders  must  be  considered  as  single-wire,  and  lower  and  upper 
halfdipoles  - as  connected  in  parallel  between  the  end/leads  of 
single-wire  feeders  and  the  earth/ground.  Equivalent  diagram  for  this 
after  becoming  it  is  depicted  on  Fig.  7.16a. 
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L6t  p'i(.  - tha  wave  impedance  of  the  feeders,  consiiaced  as 

bunched  c^nductccs;  it  depend  on  outer  diameter  of  the  shells  of  the 
feeder 


Po  = ^-.  ohm 

where  C’,|,  is  a linear  capacitance/capacity  earth  referenced  both 
feeders,  n p. 

The  halves  of  the  field  coils  of  goniometer  as  are  included  in 
parallel.  Sinsa  currents  in  these  halves  are  directed  to  reverse 
sides,  the  resulting  inductance  is  close  to  zero  and  reactance  them 
can  be  disregarded. 

In  figure  C,  - the  capacitance/capacity  of  coil  earth 
referenced ; 

shunt  resistance  of  upper  and  lower  halfdipoles. 

Let,  as  earlier,  field  at  the  center  of  system  has  reco  phase. 
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Fig,  7.16,  Equivalent  diagrams  for  recept ion/procedure  of 
horizontally  polarized  field. 
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Page  373. 

The  electromotive  forces,  induced  in  the  cell/eleaents  of  right  and 
by  the  left  of  halves,  equidistant  on  x fron  center,  can  be  expressed 
thus; 

dE„  ^ dEo'""^  r=  dE^,  + jdE„^,.  I 

Phase  the  components  of  eaf  d£^,  are  directed  both  in  one  side, 
nonphase  dE,,,),  - into  different. 


If  W2  accuiuLate  the  beams  of  feeders  into  two-wira  circuit. 


then  equivalent  iiagcams  for  phase  and  nonphase  stress  component  will 
take  the  form,  depicted  on  Fig.  7.  16b  and  7,16c  respectivaly. 

Phase  current  occurs  besides  C,.  therefore  in  Fig.  7.16b 
connection  with  C,  shown  by  dotted  line. 

The  conditio!  of  equality  zero  of  the  reactive  component  of 
resistor/resistance  for  a phase  current  (Fig.  7.16b)  will  be 

^ + 2p'4,tgwi4^0.  (7.59) 

Fo!  the  feedars  as  of  bunched  conductors  m ==  2»/x  ~ propagation 
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constant. 


After  replasLng  ctgm/,,  we  will  obtain  fro«  (7. ‘>9) 


/b  = -i-  arcctg  tg/«/4,y  (7,59') 


Condition  of  equality  zero  of  reactance  for  a nonpliisa  current 
(Fig-  7.  16 c)  : 


A', 


— p'(i,ctgm/'4,=0. 


(7.G0) 


Tl.e  equivalent  length  of  feeler  /'t  is  obtained  as  a result  of 
the  account  of  terminal  capacitance/capacity  Ca  and  is  latermined  by 
the  condition 


p'4,ctg/«/',i, 


etgm4+  -zar.u" 


2 f\.uC,  ctp  rni, I + 2 


or  approximately 


c. 


/||1  -)- 


(7.51) 


Page  374. 


Substituting  in  (7,.  60)  the  value 

A'a=  -pHCtg/«/„, 


we  will  obtain  far  the  resonance  frequency 

(7.62) 
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where  it  is  d^terinined  by  equality  (7-.61|. 

In  order  to  avoid  in  the  wotkiny  frequency  band  of  the  radio 
direction  finder  of  the  resonance  frequencies  of  the  antaina  feeder 
system  for  the  caoe pt i on/procedure  of  horizontal  electric  field, 
expression  (7.59*|.  and  (7.62)  for  U ths  y must  be  made  at 
frequencias,  which  lie  higher  than  working  frequency  haid  of  the 
radio  direction  finder.  Let  us  designate  Bq  value  for  m at  the 
frequency,  yraatac  than  the  maximum  freqaency  of  range  by  1D-15o/o. 
Then  must  ho  made  the  conditions: 

/.<;j^arcctg  [4 

/,  < ~ arcctg  [-  4 ^ clg  ]. 


Calculation  of  effectiveness. 
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of  the  radio  direction  finder,  the  closest  to  natural  frajuency 
intetina  feeder  circuit.  It  is  uusiyned  froB  the  focaiula 


where  ?«•  is  an  energy  facto-  of  antenna  circuit; 


Qk  - the  energy  factor  or  input  circuit  of  recaivac. 


Let  us  assuaia  t^'at  in  goniometer  from  the  viewpoint  of  the 
pernisGible  octait  errors  it  is  possible  to  take  coupling  coefficient  /Cr. 


It  io  selectid  for  K of  goniometer  saialler  of  the  values  Kq  and  /Cr. 
The  duct  of  saarca  coil  we  design,  on  the  basis  of  assigned 
adgustable  capacitor,  overlaps  and  selected  diagram  of  input  circuit. 


Page  375. 


He  c.tech  coupled  im[>eddnces  from  by  the  antenna  of  circuit  into 
thf  grid  circuit  if  the  first  tube,  li  the  introduced  reactance 
cannot  be  compensated  for  in  the  range  of  freguencies,  wa  decrease  K 
or  is  introduced  into  diagram  intermediate  untuned  circuit. 


After  the  det  erinin.it  ion  of  .all  call /eleaents  of  the  input  part 
of  the  1 <uj  io  direct  ior.  tinder,  we  liesign  the  e f f ••r- 1 i van  as  s of  the 
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antenna  feedec  system  of  the  pair  of  antar.nas  and  entice  radio 
direction  finder. 


7« 7«  Calculation  of  U-shaped  system. 


The  separation  between  antennas  2b  is  selected  Ecoa  the 
considerations  of  the  permissible  error  of  separation,  tha  height  of 
the  vertical  wire  antenna  - on  the  basis  of  vertioaL  iirectional 

charactariatic. 

separate  vectical  wire  antenna  we  design  just  as  in  H-shaped 
system,  only  one  should  consider  that  for  the  asymmetric  vibrator  of 
U-shaped  system  Pb.  and  h,  they  will  be  two  times  leas  than  for 
the  symmetrical  vibrator  of  H-shaped  system. 

coupled  iapalances  due  to  the  coBBiun  icat  ion/conneotion  betwgan 
antennas  are  determined  from  curves  or  from  formulas,  given  in  the 
courses  of  antennas  f 3.  1,  3.4].  In  Fig,  7,17  are  designated  the 
distances  between  antennas,  which  determine  these 
resistor /res  is tan CCS. 


Further  we  determine 


- coeplste  tnput 
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antenna  rssistanca.  Is  selected  the  type  of  feeder,  i.  ».,  we  fin3 
that  P4,.  The  length  of  feeder  /«  we  take,  on  the  basis  of  the 
construction  of  system  (with  the  buried  feeders,  with  tha  feeders, 
placed  under  wira  gauze,  and  so  forth)  - 

He  dasign  Za*»Z,“/?a+/Xo  froo  fornulas  (7.39)  and  (7,40)  or 

(7*45),  (7.54).  Impedance 

Z,(Ji  = Za  "I"  Ztf  «2Zrt. 


The  affectiva  height  of  the  antenna  feeder  systai  of  the  pair  of 
antennas  Hq  we  design  from  formulas  (7,42),  (7,44)  or  (7,5  1), 
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Page  37(i. 

The  inductance  of  fiolu  coil  ie  selected  so  that  the  natural 
frequency  of  the  antenna  feeder  circuit  of  the  pair  of  antennas 
together  with  the  field  coil  of  gonioseter  (Fig.  7.13)  was  located 
outside  working  frequency  band  mvmh--  (Dmbi..- 

Let  us  rastrLct  the  effect  of  asymmetry  of  systems  by  means  of 
this  selection  or  the  size/dimensions  of  system  so  that  would  not  be 
developed  the  resonance  phenomena. 

In  §5,3  it  is  shown,  that  for  the  limitation  of  current  in  the 
shell  of  the  feeder,  created  by  the  reception/procedurs  of  the 

horizontal  component  of  electric  field,  must  be  made  the  condition 

Za 

where  Zn  - earth  resistance  of  the  shell  of  feeler  aid  - the 

internal  resistance  of  shell  earth  referenced  at  the  point  of  the 
connection  of  ground.  For  this,  tlie  resistoc/resistance  must  not 

be  turned  into  zero  at  frequencies  of  range,  i,e,,  on  must  be  the 
resonance  of  the  shell  of  feeder  in  the  range  of  the  frajaencies  of 
the  radio  direction  tinder. 
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I PASS  to  the  examination  of  selection  I,,  and  L„  of 
antenna-f seder  system.  It  is  analogous  with  that,  as  we  this  are  Bade 
during  ths  analysis  of  U-shaped  system,  « as  decomposed  by  emf  induced 
in  antennas,  to  paase  and  nonphase  components,  we  will  obtain  two 
equivalent  diagrais  (Fig.  7.18)  for  phase  and  nonphasa  coaponents  of 
emf.  In  figure  Cn  - the  capacitance/capacity  of  field  soil  on 
screen,  - input  antenna  resistance. 

Phase  currents  (single-cycle)  are  closed  through  Cn  to  the 
earthy  non'^hase  currents  (push-pull)  are  passed  through  Ina  (C„  it 
does  not  affect). 

For  the  calculation  of  currents,  it  suffices  to  examine  the 
halves  of  system;  thus,  diagrams  can  be  simplified  (Fig.  7.19). 


DOC  = 77223219 


PAGE  Mr 


Fig-  7-18-  Equivalent  diagram  of  the  U-shapei  system:  ajfar  the  phase 
component  of  currant;  b)  for  t‘'e  nonphase  component  of  current- 


Page  377. 

on  Fig,  7,13a,  the  resistoc/resistance  of  the 
capacitance/capacity  of  order  «/'  is  much  acre  than  the 

resistor/resistance  of  field  coil  Therefore  it  is  possible  to 

Cn 

consider  feeder  loaded  to  capacitance/capacity  -.j' • As  we  this  are 
made  in  the  calculation  of  H-shaped  system,  instead  of,  including 
it  is  possible  to  lengthen  feeder  to  value  moreover 

ctgm*4— 

H ctg  m m,  + A4)  = . 

P*  - j-  » ctg  /»♦/*  + I 

Let  us  designate  t,,, d/u, 
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The  sonditian  of  a sharp  increase  in  the  single-sycLa  current 
(from  phase  cooponent  emf)  will  be  equality  zero  of  the  reactance  of 
diaqran  Fig.  7.*9a,  in  reference  to  points  1-2«  i.e.« 

A'#*— Pii.ctg/«4,/'^,=0 

or  PnCtgw/s  + p^:  ctg»4/'4,=r.O,  (7.64) 

moreover  l\  differs  by  3-40/0  from  length 

If  we  compare  equality  (7.64)  with  the  equality 

P,ctgm/B  + p4,ctg  (7.04') 

that  not  difficult  to  conclude  that,  since (1,03— 1,04)/, |,,f  he  frequency, 
vhich  corresponds  to  equality  (7,64),  is  lower  than  fraquancy  which 
corresponds  to  equality  (7,64*),  to  3-4o/o, 


S 


4 

j 

i 

j 

1 

■i 

i 

1 

i 
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Fig-  7-19.  Diagrais  af  the  halves  of  the  U-shaped  syste*;  a - for  the 
phase  component  at  current;  b - for  the  nonphase  coiponent  of 
current. 


Page  378. 

Let  us  turn  to  expression  for  A'*,|,  (7,45)  and  (7,46).  It  is 
obvious  that  equality  (7,64*)  coincides  on  condition  Xait’^oo. 
Approximately  with  this  same  condition  coincides  the  ierived  by  us 
for  circuit  Fig,  7.19a  resonance  condition. 

So  taat  the  resonance  does  not  lie/rest  at  working  frequency 
band/  it  is  necessary  to  satisfy  the  inequality 

/D<^arcctg  ^♦-ctg  w*4]r  (7.65) 

moreover  \ and  they  must  be  undertaken  tor  the  frequaicy/  lying 
to  15-2O0/0  higher  than  upper  boundary  o£  working  frequency  band. 
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Resonance  condition  for  a push-pull  current  (froi  tia  tionphase 
components  of  emf  of  antennas)  in  diagram  Fig«  7.19b  coincides  on 
condition  of  the  absence  of  the  resonance  of  an  entice  antenna  feeder 
system  of  the  pair  of  antennas  on  the  basis  of  which  is  conducted  the 
selection  of  inductance  f-n.  Thus,  no  new  limitations  fcoa  Fig.  7.19b 
for  the  selection  of  the  elements  appear. 

During  the  calculation  of  effectiveness  we  are  glided  that 
which  was  presented  into  §7.5. 


7.8.  Calculation  of  transformer  and  balanced  systems. 

Calculation  of  transformer  system. 

Fundamv>ntal  antenna  circuits  of  system  for  the  cases  of  applying 
the  asymmetric  and  symmetrical  vibrators  are  depicted  on  Pig.  7.20a 
and  b. 


We  assume  that  the  effective  resistance  of  vibrators  can  be 
disregards  d. 
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Let  us  desijnato; 


•^•=A'ox-  the  input  reactance  of  vibrator; 


and  ^ai  *■  anff  induced  in  vibrators  (left  and  with  right)  ; 


he  « the  effective  height  of  vibrator; 


- antenna  inductance  of  the  coil  of  transforaar; 


Lm the  inluctance  of  the  feeder  coil  of  tcansforaac; 


A/*  — Kj  L^L^). 


page  379. 


The  equivalaat  diagraa  of  systen  is  shown  to  Fig.  7.20c.  Let  us 
convert  valtages  and  the  loads  of  both  antennas  to  points  ab  and  CiJ 
of  feeders  (Fig.  7.20d); 


Aai  t = ^ A",,  +**1. 

p .p  Ahu  . .n,(i»/l,E  _ ^-Jmb 

x,x+i^U  A'.. + (0l. 

— r AItw  __-y  M,vhrE  ^imb 

C,  — y^a*  + **/.•  'A'.,-t-«»L. 


(7.66) 


where  2i  ard  Eg  - the  voltages,  converted  in  secondary  circuit  of 
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transforioar  fram  the  left  and  right  of  vibrators  respe:;tirely. 


Thus,  the  calculation  of  transforner  systea  is  reduced  on  the 
calculation  of  the  H-shaped  systea  which  has  for  each  antenna  (see 
Fig.  7.201)  entry  inpedance  is  designed  froa,  thQ  foraula 





(7.67) 


and  effective  height  is  equal  to 


9 = 


•A'n  T mA,  ’ 


(7.68) 


where 


= — p.ctgm/,. 
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?ig.  7.20.  Tcansfocwer  systen  of  radio  direction  finder. 


Page  380. 

Balanced  il-siaped  system  with  the  feeders,  arrange/lacated 
directly  on  tha  airth/ground  (Fig.  7.21a). 

This  version  or  the  balanced  H-shaped  system  differs  from  system 
examined  aarliar  syraaetrical  H-shaped  in  the  facts  that  vertical 
component  of  a5 metrical  fiald  induces  enf  only  in  the  upper 
halfdipolos  of  vibrators-  Therefore  during  calculation  one  should 
consider  a secies  of  additional  considerations. 
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T!ie  affective  heitjht  of  the  single  vibrator 


The  effective  height  of  antenna  feeder  systea  from  the  pair  of 
antennas  is  computed  according  to  formulas  <7,47)  or  (7.53)  with 
coefficient  of  2 in  denominator.  It  is  assumed  that  - the 

resistor/cesistance,  which  replaces  lower  halfdipole,  is  fitted  so 
that  on  all  working  frequency  band 

where  is  complete  entry  impedance  of  vibrator,  in  rsfsrance  to 

the  points  of  tha  switcliing  on  of  feeders. 

The  resistoc/resi St anoe  of  vibrator,  in  reference  to  the  points 
of  the  switching  on  of  field  coil  is  computed  as  H-siaped  system, 

by  formulas  (7.43)^  (7.50)  and  (7,54).  As  before 

^ni|i  = 0,5^^. 

In  other  respects  the  calculation  does  not  differ  from  tha 
calculation  of  symmetrical  H-shaped  systam. 


Balanced  U-shaped  system  with  feeders,  elevated  above  the 
earth/grouiij  (Fig.  7.21b). 
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Emf  is  indu^a;!  in  upper  halfdipoles  by  length  and  in  lower 
halfdipoles  by  length  In  Equivalent  (replacing)  resistoc/resistance  Zs 
is  selectad  equal  to  uesistor/resistance  earth  referenced  vertical 
condutot  by  length  /»— /„  (BV  in  figure). 


Page  381, 


Thus,  impedances  of  halfdipoles  of  point  A are  identical.  The 
effectivfr  height  of  the  vibrator 

where  /«„  - the  effective  height  of  upper  halfdipole,  is  determined 


from  the  formula 


rnt, 

'‘<•11--  ,n 


^‘ei\  - the  effective  height  of  lower  halfdipole.  Taking  into  account 
that  it  is  loaded  on  top  and  therefore  it  has  approximately  uniform 
current  distribution  h / 

<■11  - 'll' 


Then  for  on  the  basis  (7»69)  we  obtain  with  small  min 

‘'c- = +-/«• 
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In  other  respects  one  should  use  the  method  of  the  ;»lculation 
of  symmetrical  H-shaped  system. 


7,9.,  Matching  devices. 


Let  us  examiie  devices  and  the  diagrams,  which  ensure  impedance 
matching  of  antenna  with  the  resistor/resistance  of  fesdsr.  The 
character  of  raat-hing  devices  to  a considerable  degree  depends  on  the 
width  of  the  section  of  the  freguency  band,  in  which  it  is  required 
to  carry  out  agreement. 

For  antenna  aatching  with  feeder  at  the  fixed/recorded 
frequency,  mainly  in  VHF  range,  are  applied  single-stub,  double-stub 
and  thiae-stub  agreements. 

single-stub  agreement,  or  V,  V.  Tatarinova’s  jet  loop,  are 
applied  in  the  open  air  feeders. 
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Fig.  7,21.  Balancsd  H-shapod  system. 

Page  382. 

Short-circuited  stub  is  connected  to  the  feeder  of  antsina  in  that 
place  where  conductance  is  equal  to  ~ (p,;,-  the  wave  inpaiance  of 
feeder).  The  langth  of  loop  is  selected  so  as  at  the  points  of  its 
switching  on  to  compensate  for  r'^active  conductivity  of  tie  feeder  of 
antenna.  Then  feeder  proves  to  be  loaded  on  p^„ 

Double-stub  agreement  they  apply,  when  the  feeder  of  antenna  is 
carriad  out  in  tia  form  of  coaxial  cable  and  the  movement  by  it  of 
jet/reactive  loop  i-s  impossible.  Two  Pieces  of  cable  (loops)  with  the 
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BOvable  i^hort-sic;  uitinij  pistons  are  included  previously  in  the  cable 

of  feeder  at  rrertain  distance  from  each  other,  for  example  in  X/4  or 

3/8  X,  moreover  the  first  piece  is  included  in  parallal  t3  the 

connection  of  antanna.  fiy  a change  in  the  length  of  tha  first  cable 

(loop),  thay  attaia  that  the  conductance  in  the  place  of  the 

comectiuii  of  the  second  would  be  equal  to  After  this  by  a change 

in  the  length  of  the  second  loop  is  obtained  the  compensation  for 

susceptance  of  ths  feeder  of  antenna.  Double-stub  agraaasit  is  , 

^ ~2  P<l‘ 

possible  thus  far  ^a>P(ii  with  the  distance  between  loops  V./4  and  y' ' 
with  distanca  3/8  X,  With  the  nonfulfillment  of  thesa  conditions, 
additionally  is  connected  at  certain  distance  from  tha  saound  still 
the  third  piece  of  cable  (third  loop).  The  designation/parposa  of  the 
first  two  loops  is  obtaining  in  the  place  of  the  connection  of  the 
third  - conductance  — . Then  by  the  adjustment  of  the  laijth  of  the 
third  loop  they  attain  the  compousation  for  the  reactanca  of  the  load 
of  feedar  and  agraament  of  feeder.  Three-stub  agreement  is  universal, 
used  during  any  antenna  r es ist  ance.s. 


If  antanna  casistance  is  at  the  fixed/recorded  frequency 
effective  resistance  ^n<  then  for  its  transformation  into  the  wave 
impedance  of  feedar  P<ii  can  be  used  the  quarter-wave  section  of 
feeder  with  wave  impedance  = 


Page  3 8 3, 
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rfith  the  aiJ  of  this  quatter-wave  cut  of  line*  it  is  possible  to 
obtain  the  agreement  of  feeder,  also,  during  any  impedance  of 
antenna.  For  this,  the  cut  of  line  is  connected  in  the  nearest  node 
or  voltage  antinole.  In  the  first  case  the  resistoc/resistance  of 
feeder  ~p,i,A'fiB  (reactance  is  equal  to  zero)  and  Pt  ==P(j)  y^Ase.  In  the 


second  case  and  Pt~— 


V Ke 


Mono  to  fit  such  wave  impedance  Pr  and  the  length  U of  cut 
cable,  so  that  it  will  match  at  the  assigned  frequency  any 
resistor/rer.ist  ance  jX„  with  any  other  resist  a r /re  sist  ance 

= + this  case,  [8.13] 


Pt  = ]/" riitl  T = ’ 


where 


A||Allx< 

B = AiiA'iz  “f"  /?b*A  u» 

C — R^x  Rlli 

D = X,x-X„; 


nij  is  a phase  constant  of  cable. 


Tl- a iesccibsi  methods  provide  the  agreement  of  feeder  in  narrow 


■j 

■i 

I 


’3 


■-:3 


* 

-J 


4 

« 

-i 


I 

i 

n 
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frequency  band. 

Whan  antanna  has  constant  effective  resistance  •/?«,  for  its 
agreement  with  the  wave  impedance  of  feeler  in  the  raaga  of 
frequencias  is  applied  the  cut  of  line  with  the  smoothly  or  gradually 
changing  linear  parameters,  for  example  axponential  faalar  or 
transformar  with  the  concentrated  cell/elements.  The  length  of  the 
cut  of  line  with  the  changing  parameters  determines  the  minimum 
frequency  by  which  the  reflection  coefficient  at  the  eal/lead  of  the 
feeder,  which  goas  to  receiver,  does  not  exceed  the  determined 
permissible  value.  The  transformer  it  works  the,  the  naarar  it  to 
idea  1, 


Ideal  is  tha  transformer  which  loss-freeta  and  leakage  flux, 
inductiva  raactaices  of  its  windings  the  much  more  transformed 
res is tor A esistances. 

Page  38n. 

Approach/! pproxination  to  those  requirements  to  more  easily  achieve 
during  the  application/use  of  ferrite  core  transformacs  [4,5].  As 
matching  t-ransforaer  can  be  used  the  tour-pole  from  raactive 
ce 11/elema nts.  Calculation  of  this  type  transformers  is  given  in 
[7.9]„ 
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To  oKpand  the  fce-jiioncy  Imiici  of  the  agreement  of  affective 
resistance  with  t.ie  aid  of  the  quarter-wave  section  of  line  is 
possible  jy  the  sa ppleinentary  switching  on  of  coapensating 
short-circuited  stub. 

In  textbooks  on  the  calculation  of  antennas,  ace  given  more 
detailed  descriptions  and  the  calculations  of  indicated  matching 
devices  [3-2,  3.3,  3.5].. 

To  tie  questions  of  the  range  agreement  of  impedance  from  the 
concentrated  cell/elements  with  effective  resistance  ace  dedicated 
(3.2,  3.3].  in  (7.  10],  is  examined  the  possibility  of  obtaining  in 
this  case  with  the  aid  of  passive  linear  four-poles  and  transformer 
in  the  raquirad  fcacjusncy  band  of  the  maximum  KBV. 

Passive  networks  serve  for  the  compensation  for  reactance,  and 
trans for ;r.ar  convert.s  the  effective  resistance  of  antenna  into  that 
which  is  required.  Investigations  will  show  that  during  the  assigned 
change  in  the  complex  resistance  maximally  attainaile  KBy  and  the 
band  of  the  frequencies  of  the  agreement  f MflHC  f Mllu  ■ ' are  mutually 

connected.  Improvement  of  KBV  is  led  to  decrease  and  vice  versa. 

If  antenna  resistance  in  certain  frequency  band  the  equivalently  to 
consecutive  or  parallel  circuit-  from  celL/elements  L„,  C,„ 
moreover  resonance  frequency  of  duct v//„„,u/m„i,,  then  matching 
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condition  with  the  infinite 
device  they  are  deterinined 


n 


In- 


I 4 A* tin 

1- a:«. 


nmbec  of  cell/eleaents 
by  the  equality 

(7.70) 


in 


safcching 


where  Q is  an  energy  factor  of  the  duct  of  the  substitution  of 
antenna  rai=:istanc3  on  frequency  fj,. 

The  higher  the  antenna  field  gain,  that  is  less  with  that 

/• 

which  was  assignel  KBV  and  vice  versa. 


Page  385. 


Better  agreement  Is  obtained  if  the  matching  four-pole  is  catenary 
with  terminal  traisformec.  Examples  of  the  schematics  of  matching 
devices  are  given  to  Fig.  7.22,  The  transformation  ratio  of 
transformer  must  be  fitted  so  that  at  the  medium  freguenoy  fg  KBV 
corresponls  to  permissible- 

The  quality  of  agreement,  i,e«,  KBV  and  at  the  assigned 

value  of  2,  depends  on  the  number  of  cell/ele aents  in  latohing 
device.  On  Fig.  7.2  3,  is  given  the  dependence  attainable  .<  BV  on  the 
given  bandwidth  of  the  agreement  Q w ith  the  number  of  ce ll/ele*e nts 
in  the  matching  four-pole  k - 1,  2,  3,  and  •. 
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As  can  be  seen  from  Fig«  7.23#  the  application/u se  of  wore  than 
two  cell/elements  of  agreement  is  led  to  very  insignificant 
improvement  of  matching  conditions  and  does  not  justify  itself.  In  by 
direction- finding  antenna  for  system  it  is  necessary  to  apply  several 
identical  matctiinj  devices#  in  the  number  of  utilized  antennas.  In 
order  to  facilitate  fulfilling  the  reguiiement  for  the  iJantity  of 
the  characteristics  of  all  matching  devices,  it  is  expedient  to 
manufacture  them  only  from  one  cell/elemsnt  L#  C (It  = 1) , 
allow/assuraing  cactain  deterioration  in  the  matching  conditions. 
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Fig,  7,22,  The  schematics  of  the  matching  devices:  a)  latanna  is 
equivalent  to  secies  connection  R,  L,  C;  b)  antenna  is  equivalent  to 
parallel  connection  R,  L,  C, 


page  386. 

Are  ievelopai  the  methods  of  the  calculation  of  tha  parameters 
of  the  laider  netnock  of  agreement.  For  a single-element  circuit 
parameters  L and  C are  designed  from  the  formulas 


PQ 


Wi  r' 


where 


the  c03f  ficient,  determined  on  curve/gtaph  Fig.  7.24. 
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The  devicB  sE  agceeaent  consists  of  reactive  cell/aLs eents,  and 
therefore  it  does  not  lead  to  power  losses  in  antenna  and  to 
deterioration  in  the  relation  of  the  voltages  of  signal  and  noise 
(sensitivity)*  However*  for  obtaining  in  the  large  band  of  the 
frequencies  A/r  of  sufficient  KBV*  it  is  necessary  to  available  in 
antenna  the  snail  quality  Q»  The  diagraa  of  agreenent  contains 
transformer  that  transforms  the  effective  resistance  of  antenna 
circuit.  To  prepare  broadband  transformer  with  large  transformation 
ratio  is  virtually  difficult.  Finally*  agreenent  is  possible  only  in 
that  linited  frequency  band*  in  which  antenna  circuit  can  be  replaced 
with  the  tuned  circuit  from  the  concentrated  cell/eleaents. 
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rig.  1 •23.  Deptadince  of  KBV  on  the  given  width  of  the  band  of 
agceenent  with  the  different  nuaber  of  cell/elenents  (Ic). 


Page  387. 

So  that  the  resonince  frequency  of  duct  would  coincide  with  average 
frequency  range  of  agreeDent*  can  be  required  the  inclusion  into  the 
antenna  of  supplaientary  reactive  cell/elements. 

Por  agreaiBit  in  very  wide  frequency  band  for  obtaining  the  low 
quality  Q,  can  be  required  the  inclusion  of  supplementary  effective 
resistance  into  antenna  circuit  and  then  the  sensitivity  of 
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receptio!i/ proceduc  e detet  locates.  Deterioration  in  tha  sansitivity 
with  the  axpansioa  of  the  band  of  agreement  approKinately 
proportional  to  sjuace  root  of  the  ratio  of  the  expanded  hand  of 
matching  to  the  band,  provided  with  antenna  field  gain  (see  fig. 
7,23).. 


When  is  admissible  a decrease  efficiency  in  the  antenna  feeder 
system,  it  is  possible  to  also  use  the  diagrams  of  tae  agreements, 
presented  in  Fig.  7,25  in  which  according  to  thf  idea  of  their 
construction  is  provided  the  switching  on  of  supplementary  effective 
resistance. 
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Fiy.  7.24,  Dapendsnce  of  the  calculated  coefficient  B on  the  given 
width  of  the  band  of  agreement- 

Fig.  7.25.  Diagrans  of  agreement  with  tho  switching  oi  of  active 
cell/eleinants. 


Page  388. 

In  these  iiagcams  z„  — At  the  output  of  the  diagrams  of  the 
agreement  where  is  connected  feeder,  resistor/resistanca  will  be: 


for  circuit  a 


Z 


«rt  — 


(P*  + Zn) 


z. 


2p+  + Z.  + 


= Pi|>> 
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for  circuit  b 2aii  = - 


7^  ?* 


L — - 

2»  -)-  p<i  fij, 


Ausuuing  that  the  feeder  from  receiver  is  loaded  far  wave 
impedance  P>|i.  we  will  obtain  for  a transmission  factor  from  antenna 
to  the  input  of  the  cable 

h • t* 


i«  e.  transmission  factor  decreases  two  times  in  comparison  with  ku 
in  diagram  without  agreement.  Dow  many  times  deteriorates  the 
sensitivity  of  rsception/procedure.  The  indicated  diagram  of 
agreement  can  work  in  how  conveniently  wide  frequency  band. 


In  [7,12],  is  described  the  method  of  the  selection  of  the 
cell/elemants  of  the  diagram  when  the  loss  of  sensitivity  can  be 
decreased  under  the  condition  of  admissibility  for  KBV  of  the  value 
smaller  than  unity. 

j 

Besistor/resistance  is  approximated  by  the  ohain/netwotk 

of  the  tuned  circuits.  For  the  practical  ta tget/purposas  of 
sufficiently  taking  the  number  of  ducts,  equal  to  the  roundad 

/In  3X  f M U.  J t rv  /’>  tn  i.  r.  'V  r*  vf  n r y of'  fKr 

Z'-P  -<<'<  cp'irrfi'^  Section  of  the  freguaacles  where 

t!  e active  part  of  the  resistor/rcsist ance  ^.i  is  changed 
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iasignif  i:;antly  (usually  between  two  antiresonance) « then  io  parallel 
chain/netwoct  it  Is  possible  to  include/connect  instead  of  p^, 

pi 

resistor/resistance  and  to  take  = 


Page  389. 


By  the  switching  on  of  transformer  with  transformation  ratio 
is  achieved  agreement.  The  transmission  gain  will  be 

fc»  1 /?./» 

“ 2 IT* 

From  relation  ^ ~ ~ evident  that  the  diagram  with 
transformer  gives  larger  transmission  factor,  than  dlagrai  without 


transforms r,  if  n > 1 and2rt<^ 


p* 

/I  — 1 ■ 


Diagram  with  the  transformer 


virtually  can  wort  in  the  range  of  frequencies  with  overlap  2-2.5. 


ijometimes  for  agreement  is  applied  the  cathode  follover  to  grid 
of  which  is  connected  the  antenna,  and  to  the  resistive  load  oi 
cathode  - a feadac  (§3.14). 


7.10.  Calculation  of  the  input  circuit  of  receiver  for  the  matched 
antenna  of  system. 
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The  equivalent  diaqran  of  input  circuit  is  depicted  on  Fig. 
7.26.  For  the  matched  antenna  output  resistance  of  faelec,  connected 
to  the  input  of  receiver,  is  active  and  it  is  equal  to  the  vave 
impedance  of  feeder. 


For  a figure  the  condition  of  optimum  coupling  (vilL  be 


where 


mMonr  = ~ ’ 


(7.71) 
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I 

V 


the  resistor/resistances 


. n A‘«  • / 


K}a 


w'AI*  , K*a*  , 


p4,+«'i.. 


1 +a' 


(7.73) 

(7.74) 


S 


!! 


fi 


staggeciag  £con  action  AX  is  deterniaed  by  the  eitpcession 


u ' 


M. 

mA| 


JC«a« 

1 +c» 


or 


0 o K*Qta* 

P — W — 1+  fll* 


In  optin’, IK  coupliag  p 


(7.75) 

«.  ^ ■‘7. 


Input  circuit  is  disturb/detuned  not  only  due  to  the  effect  of 
the  reaction  of  antenna  feeder  circuit,  but  also  due  to  an  inaccuracy 
in  the  coupling  of  the  block/aiodule/units  of  variable  capacity.  The 
first  reason  affects  much  more  powerfully-  Let  us  supply  requirement 
that  at  midband  frequency  «cp  detuning  due  to  the  effect  of  reaction 
would  be  not  more  the  half  of  the  passband  of  the  tunod  circuit, 
i-e. , so  that  would  be  made  the  requirement  3 0-5  or  according  to 
formula  (7.75*)  for  a midband  frequency 


^<0,5. 

Page  191. 


(7.76) 
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Expression  (l,7(t)  serves  foe  the  selection  of  the  inluctance  of 
the  coil  of  the  antenna  feeder  of  circuit: 

^1  ^ — . 

|i 

Entry  impadance  of  circuit  froa  antenna  feeder  system  ran  be  designed 
by  the  formula 


or 


— ywA, 


. . 

>?«+4«+/4A'  ~ 


'ITTT 


z..= 


1 +p> 


■hLJ  I 


a:»q.  ^ 
i+?V' 


= /?BX  + I 


In  the  optimua  coupling  when  are  satisfied  conditions  (7.7  1)  and 
(7.75*),  /?Bx  = Pa.  and  A'„  = 0. 


If  due  to  the  imprecise  coupling  of  the  block/module/units  of 
variable  capacity  the  inclined  grid  circuit  of  the  first  tube  obtains 
the  suppla  mentary  detuning#  which  is  characterized  by  value 

that  this  will  laad  to  a change  in  entry  impedance  and  to  the 
appearance  of  reflection  from  input  circuit.  A change  in  antry 
impedance  will  be 
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iP*  ' H 


K'Q»  ^ 
H-p«  T+n* 


dX^x  aq  I ^ — f*  <tAr*Q|  4ri 

p*  “ df  1 + M 


In  the  optimum  coupling 


^R»x  2a  .JK 

7^=-r+T.^P- 

M"-=L:z£.*  act 

f4  1 +«’“?• 


Coefficient  of  railection  of  voltage  from  input  circuit  in  the 
optimuB  coupling 


P=iy  (‘-^)'+(^)’=7‘P- 


Page  392. 


In  §'*-12  shown,  that  for  the  limitation  of  errors  due  to  the 
dissimilarity  of  the  electrical  lengths  of  cables  the  traveling-wave 
ratio  of  the  loal  of  feeder  must  be 

/Cob  ^0.4. 

whence  the  permissible  reflection  coefficient  was  egual  to 


Pnoii  — = 


I — Kr.. l^n.4 


+ ~ l +0,4  — M3. 


The  permissLole  staggering  is  determined  by  ineguality 
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or  Ap  ><:  0.  86. 

* 

From  (7.77)  it  follows  that  anergy  factor  of  the  tmsd  circuit 
must  ba  salectod,  on  the  basis  of  the  condition 


_ 2AJ  1.7r. 

Q»  < aC  orQ,  < 

"TT  ~c' 


For  example,  if  AC/C  = 0.05,  then  Qj  1.76/0.05  and  Q*  35. 


Thus,  we  will  determine  the  parameters  of  all  cal 1 /el enents, 
entering  input  circuit  of  receiver.  Further  calculation  is  conducted 
by  formula  (7„72)« 


7,11.  Corapensatioa  for  antenna  effects. 


In  U,5,  5^3,  6.5  was  shown,  that  on  a whola  saries  of 

reasons  ia  the  directed  system  appear  composing  eaf,  out  of  phase  to 
90®  from  the  fundamental  of  emf. 


These  composing  it  is  possible  independent  of  the  raasons,  which 


created  them,  to  compensate  for  one  and  the  same  methods 
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The  process  of  the  compensation  for  those  composing  aaif,  that 
differ  in  phase  to  90®  from  the  fundamental  of  emf,  is  called  the 
coapenisation  for  antenna  effects. 

With  visual  direction-finding  methoJs  it  is  not  a:33?ted  to 
compensate  for  antenna  effects,  since  extra-phase  emf  ace  not  created 
~ in  them  such  difficulties  as  in  auditory  radio  direction  finders, 

and,  f utthertnoce,  the  process  of  compensation  increases  time  of 
direction  finding. 

Antenna  effejts  also  less  appear  in  systems  with  the  large 
separation  of  antennas,  than  in  cosinusoidal. 

Page  393. 

Therefore  farther  the  compensation  for  antenna  effects  is 
examined  in  connection  with  radio  direction  finders  with  the  reading 
of  bearing  for  audition  on  the  minimum  and  with  antenna  system  with 

i, 

cosinusoidal  directional  characteristic. 

The  compensation  for  antenna  effect  lies  in  the  fact  that  in 
input  circuit  of  the  directed  system  artificially  is  introduced 
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supplementary  emf,  equal  in  maqnitude  and  opposite  on  the  sign  of  emf 
of  antenna  effect.  This  supplementary  enf  can  be  obtained  from  the 
auxiliary  antenna  or  the  auxiliary  framework.  The  compensation  for 
antenna  effect  compulsorily  must  be  that  which  is  controlled,  since 
the  value  of  antanna  effect  depends  in  the  general  case  on  the 
wavelength,  direction  of  propagation,  time  of  days  and  year,  and  also 
on  other  reasons  (humidity  and  the  connected  with  it  degree  of 
insulation  of  antenna  and  surrounding  object/subjects,  tie  upper-air 
conditions  and  so  forth).  To  ensure  the  constant  equality  of  the 
value  of  introducad  em f and  emf  of  antenna  effect  during  changes  in 
these  reasons  is  virtually  impossible. 

Begardless  of  tne  fact,  is  applied  or  is  not  applied 
compensation,  must  be  accepted  all  measures  for  the  alLsination  of 
antenna  effect,  since  with  its  high  value  are  unavoidable 
supplementary  instrument  errors. 

Introduced  for  compensation  emf  must  differ  in  phase  from  the 
fundamental  of  evf  to  angle,  closest  possible  to  90®.  rha 
nonf ulf ill mant  of  this  condition  can  lead  to  an  increase  in  the 
resulting  inphase  component  of  antenna  effect  and,  thacafore,  to  an 
increase  in  tha  angle  of  shift  of  bearing..  For  this,  explanation  let 
us  examine  vector  diagram  (Fig.  7.27). 
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E^,  designates  eof  of  the  fcanevoclc,  E.  is  eaf  of 
oat  of  phase  by  the  relatively  first  on  ingle 
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Fi^.  7.27.  Vestoc  4iagram  of  the  coopensation  for  antanai  effacts. 


Page  3gu. 

It  is  decomposed  to  two  composing;  cos  (p^  in  phase  with 

and  taat  out  of  phase  to  90°. 


Let  ahase-coipensating  emf  be  assigned  and  equal  to  (pw 
Begulatinj  the  value  of  emf  of  compensation,  we  must  fit  it  so  that 
it  compone nt/term  shifted  relative  to  on  phasa  to  90°,  will 
be  equal  and  was  opposite  in  this  case  /■",  and  b’",,  thay  average 
out  and  we  will  obtain  cleat,  clear  zero  positions.  Consequently, 

„ j,. 


But 


^ i( ' — ^i<  sin  ^1, , Zj  K — fuCos^n. 


Hence 


£„  sin!p„=r=  — Egsin 


-Zf,,  cos  <p„=-  — 


tg  y..' 


t *: 


Stoccs/a elding  up  now  and  E’^,  we  will  obtain  the 

quantity  of  cophasal  emf,  not  depwndent  f ton  the  dirsotioi  of  the 
incident  wave; 

If  T'olation  nejatively  <as  this  is  represental  in  figure), 

then  E''2>E\  and  the  amount  of  the  displaceaent  of  the  ninimum 
because  of  coEpensation  will  increase^  'Jhen  £'^l.e. 

the  displacement  will  not  increase- 


If  ajif  of  antenna  effect  depends  on  direction  (effect  of  the 
return  emitters),  then  the  condition  of  the  compensation  for  the 
nonphase  component  of  antenna  effect  and  the  condition  of  obtaining 
complete  zero  with  direction  finding  Zf,,  X ■+* 0 cease  to 

be  independent  variables,  since  amplitude  and  the  phase  in  this 

case,  as  it  is  shown,  are  also  function  p.  During  the  different 
installations  of  the  handle  of  the  compensation  for  antenna  effects, 
can  be  found  the  different  positions  of  the  framewort,  waich 
correspond  to  the  minimum  of  audibility.  Only  by  method  successive 
corresponding  of,  revolving  simultaneously  the  handle  of  the 
compensation  for  antenna  effects  and  the  framework,  it  is  possible  to 
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find  the  deepest  ainimuQ,  which  corresponds  to  bearing. 

Page  395. 

With  the  use  of  additional  antenna  for  the  coopensation  for 
nonphase  field  from  return  emitter,  are  possible  supplasaatary 
errors.  Actually,  in  the  process  of  the  compensation  for  eaf  from 
nonp!>ase  field,  is  introduced  into  the  fcameworlc  the  secondary 
stress,  oophasal  with  emf,  induced  within  the  framework  by  the  field 
of  transmitter,  which  produces  error  with  direction  finding.  In  order 
to  restrict  this  supplementary  error,  it  is  necessary  to  restrict  the 
permissible  value  of  compensated  for  nonphase  emf. 

Let  us  examine  in  more  detail,  to  what  is  led  tha 
application/use  of  a compensative  antenna  during  the  elimination  of 
the  action  of  field  E"o,i  (§5.3).  The  auxiliary  antenna  affacts  the 
field 

Cr^(E-f-E'o„)-|-/E"oii.  (7.78) 

9 

Then^ the  antenna  is  strongly  detuned  and  therefore  emf  within  the 
framewoc.'.,  induced  from  antenna,  coincides  in  phase  with  5»f,  induced 
in  antenna  circuit. 


Let  us  desijiate  that  which  operates  high-compensation 

antenna  tha  scaling  factor  of  emf  of  antenna  into  voltage  within 
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the  frainework  Erai  antenna.  Then  the  condition  of  the  reading  of 

bearing  for  zero  audibility  will  be 

/Ap  [E  sin  {p  - 8)  + (E'o,  + yE"o„)siii  (i>  - 0)]  - 

- |(E  + E'o„)  -4-  /E"o..l  = 0.  (7.79) 


For  this  fulfillment  of  equalities,  it  is  necessary  that 
individually  tlie  real  and  imaginary  parts  of  it  are  egual  to  zero. 
Physically  equality  zero  of  real  part  means  that  the 

communication/conn ectio n of  the  framework  with  antenna,  iatermined  by 
coefficient  A„,„  aae  should  control  so  as  to  eliminate  nonphase 
component  emf  of  the  framework,  induced  with  the  field  of  return 
emitter  and,  thus,  to  obtain  pure/clean  of  zero  audibility.  For  this, 
must  be 


E"„,»ln  (+  - I 


E + E^ 


(7.80) 


After  substituting  (7,80|  in  (7.79),  we  will  obtain 


/«p  E sill  (p  ~ 0)  -H  E'om  sill  (ij».—  0)-}- 


Kh  ('I'  - 9) 


E -f-  b'v* 


r-...0 


or 


I Esin  (/;  ^0)4-  ^C',„  -f-  j.sj,,  (,,,  _ 


--  0. 


Page  306, 


Thus,  cophasal  with 
reradiation  (i  nn)  when  the 


the  field  of 
compensation 


transmitter 
for  antenna 


field  component  of 
effect.^  is  present. 
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The  affect  af  coiponent  is  devQlopsd  in  the  fact  that  of  tha 
radio  direction  finder,  which  has  the  conpensatlon  foe  antenna 
effects,  jrow/risas  the  bearing  error.  ftea  ring  with  the  controlled 
(before  obtaining  of  the  conplete  zero  audibility)  coapaasation  for 
antenna  effects  will  differ  from  bearing  without  conpensation. 
Limiting  maxiiiuia  supplementary  error,  i.a.,  relation — j?" , thereby  in 
accordanca  with  (7,80)  we  limit  value 


If  we  supposs  that  C'„„  — 0 and  to  allow  during  coapansati on,_„ 

A ) 

aapplemeiitary  error  h = 2®,  then  of  formula  (7.81)  follows  tha?''V7'^~~^ 


•=0,03  Of  — g-"- = W~6'M  = 0,\73.  Therefore  must  be  made  condition 


/!„  <0, 173/i|,., 


which  limits  asxlmm  permissible  emf  of  the  compensation  for  antenna 


effects. 


The  circuit  iiagLam  of  the  compensating  open  antsnns  is 
ra  pEHsentad  on  Fij-  7,.  2d.  The  corainun  ication/connect  ion  of  antenna 
with  the  circuit  of  the  framework  is  hcra  undertaken  inductive.  The 
value  of  3 oBBUnication/connect ion  is  regulated  with  tha  aid  of 
variometer  7-ii.  7,|,  Li.  its  winding,  the  circuital  of  the  fraiawork,  is 
divided  to  two  parts  Li  and  Lj,  connected  round  trip  of  tie  fraaework 
for  the  preservatl on/retention/maintaining  of  its  syBBetry. 
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Page  397» 

Ouriag  the  practical  fulfillnent  of  the  conpensating  antenna. 
Bust  be  observed  the  also  following  conditions; 

1)  antenna  must  not  have  ditect/stra ight 

<> 

coamun icat ion/connection  with  the  framewotk; 

2)  antenna  nast  be  vertical  or  weakly  inclined.  aLgaLticant 
horizontal  parts  ran  cause  supplementary  guadrantal  deviation,  since 
antenna  with  the  developed  horizontal  part  can  be  considared  as 

. capacitive  duct; 

3)  antenna  nast  be  weakly  connected  with  the  fraaawork  in  order 
to  eliminate  the  affect  of  a change  in  the  comnunication/c onnection 
for  the  tuning  of  the  framework; 

^ 4) on  short  waves  in  order  to  avoid  the  appearance  of  those  who 

are  changing  with  a change  in  the  wave  of  phase  differences  of  emf  of 
the  framework  and  antenna  (due  to  the  effect  of  incraiant) , antenna 
is  assembled  in  tie  center  of  frame  system. 
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Besides  the  examined  inductive  coupling  of  antenna  with  the 
frame  worli#  is  possible  also  the  application/use  of  capacitive 
coupling. 

The  diagram  of  the  compensation  for  antenna  effects  in 
goniometric  systaa  in  no  way  differs  from  diagrams  in  system  with 
rotatable  loop,  only  everything  that  which  was  discussed  the  frame 
duct,  hera  it  is  related  to  the  duct  of  the  selector  of  goniometer. 

It  should  ba  noted  that  with  respect  to  a change  in  the  value  of 
the  required  compensation  for  antenna  effects  it  is  possiole 
approximately  to  judge  the  character  of  the  reason,  which  caused 
diffuseiiess  of  the  readings  of  bearing. 

Let  us  give  several  examples- 

1.  In  presence  only  of  its  own  antenna  affect  and  direct 
reception/pc jceduce,  sign  of  required  com munication/connect ion  with 
auxiliary  antenna  for  elimination  of  diffuseness  of  bearing  is  not 
changed  during  rotation  of  framework  through  180°.  The  value  of 
required  coramunication/connection  remains  almost  constant, 
independent  of  the  direction  of  the  oriented  radio  statioa  (with  the 
constancy  of  wavelength). 
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2.  For  ship  radio  direction  finder  usually  is  obtained 
dependenca  of  coi i unication/conneo tion,  required  for  coipansation  for 
antenn;a  affects  (diffuseness  of  bearing),  with  auxiliary  antenna  on 
direction  of  oriented  radio  station,  close  to  seni-circuLir.  This  is 
explained  to  the  facts  that  the  diffuseness  of  bearing  is  caused 
nainly  by  reradiation  of  the  masts,  tubes  and  other  ob ject/sub jects, 
analogous  in  action  to  detuned  antenna,  to  the  »axinium  of 
comraunication/connect ion  usually  they  are  observed  with  tie  direction 
finding  of  the  radio  stations,  arcange/located  perpendicularly  to  the 
center-line  plane  of  the  ship,  in  which  is  arrange/located  return 
emitter. 


ji 


'.I 
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3,  Value  of  ceguired  cominunication/sonnection  wita  laxiliary 
antenna  at  presence  from  ionosphere  of  waves  reflected  usually 
sharply  is  changed  in  time. 

4,  If  auxiliary  antenna  is  insufficiently  detuned  aid  oriented 
field  elliptical,  then  compensation  for  diffuseness  can  bring  to 
obtaining  false  minimuras  with  direction  finding. 

5,  During  conpensation  for  large  antenna  effects,  can  appear 


bearing  errors  (7.81) 
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7.12.  Calculation  of  the  cell/elements  of  the  compensation  for 
antenna  effects. 


In  practice  aost  frequently  is  applied  auxiliary  datined 
antenna,  the  inductively  circuital  fraaeuoric  (Fig.  7,23).  The 
equivalent  circuit  of  the  communication/connection  of  the  framework 
with  antenna  is  shown  to  Pig.  7.29. 

On  equivalent  diagram  are  designatsvd: 

Lj  - inductance  of  the  framework; 

Lj  - inductance  of  the  winding  of  the  variometer,  coinected  in 
duct  framawork;  for  simplicity  coil  Ig  is  not  divided  to  two  as  to 
Fig.  7.28; 

Ly  - inductance  of  the  winding  of  variometer,  connected  in 
a ntenna; 

Cj  - the  capacitance/capacity  of  the  duct  of  tha  fcaiework; 


- equivalent  antenna  resistance  (on  Pig.  7-29  Cj)  ; 
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I v' 

pi 

I 


; 

• j . 


b 
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C3  - the  sapacitai ce/capacity  of  antenna  lead-in; 

I:/in  is  einf  in  antenna. 

In  calculation  we  will  disregard  the  effective  resistance  of 
antenna  circuit*  taking  into  account  its  detuning. 

Therefore  Za«=</A'»  — — /paClgm/*.  where  ^nis  wave  iapaiance  and 
the  geometric  length  of  antenna. 
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Fig.  7.  29,  Eguivalent  diagcani  of  the  comnunication/coana^tion  of  tha 
framework  with  antenna. 

page  399, 

In  further  tscmulas?  we  proceed  from  the  direct  conn83tion  of 
antenna  to  input  circuit  of  the  framework.  If  antenna  is  connected  to 
the  radio  direction  finder  through  the  long  feeder#  then  one  should 
convert  omf  in  antenna  and  its  resistor/resistance  for  tlis  end/lead 
of  the  feeder  tha  formulas  §7,5. 

In  the  majority  of  cases,  the  antenna  is  taken  sriLL  length  in 
comparison  with  ttie  minimum  wavelength  of  direction  finding  and  it  is 
possible  to  count  which  A',  is  capacitance,  i«e.. 
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In  calculations  of  auxiliary  antenna  we  proceed  fcoa  this 
prerequisi  te/preaise. 


Let  us  dssigaate  parallel  connection  Lj*  Cj  by  Xj! 


ix,=. 


luiLf  -f-/ 


1 — ti>»iL,C» 


Then  (Fig-  7.29) 


/ / /i-A'i  

' (•A’,+.Y«)’  » tiL,  wZi(A7+AT)' 


x,  _ x.x.  . ' 

Xj+X-  X»+XjXn  P x« 


.here  p=i_^^y; 


Kingt'^7)  ' resonance  frequency  by  iho  antenna  of  oircuit. 


®n  <C),7(»n,|,„ 

Frequency  usually  is  taken  or  m,,  , 1,4i')„#hi.  where  '"muh 

and  w,unc-  the  ainioiuni  and  maximum  frequencies  of  range. 


With  the  assigned  antenna  of  capacitance/capacity  Cj  and  C3,  ac; 
known.  Being  assigned  <“«,  it  is  possible  to  determine 


I ~ J 

' »J(C,  + C,)' 
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He  convert  expression  for  the  aaplitude  of  current 


■'2— "-"a  n— • 


Emf,  indusei  vith  current  in  the  duct  of  the  fraoswork,  will 


be 


^ap  — — t/lj'o’Afai.C, -j- , (7.82) 


where  A/ap^/Cj/LiLj; 

K is  a coupling  coefficient  between  coils  Lj  and  L3  irariometer; 
it  is  determinad  h y the  selected  construction  of  variometar. 

Let  us  designate  the  ratio  of  emf  of  antenna  effects  to  emf  from 
the  frame  reception/procedure  by  a;  then  must  be  made  tha  reguirenif’nt 

£'ap  7-=  (7.83) 

whera  for  a ship  radio  direction  finder  usually  a = 0.1-0.  2;  for  the 


coastal  a 


of  0. 35-0.  1 
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In  t.-ie  case  af  calculation  and  K for  a gonioiaatci:  system  in 
the  communicatloa/conaection  of  antenna  with  the  duct  of  search  coil, 
one  shoulil  instead  of  /ip  substitute  P where  p is  effectiveness  of 
goniomctric  systei;  (\,  is  circuit  damping  of  selector. 

Page  401. 


Usually  L2  ^ O.ILiJ  then  the  effectiveness  of  fcatps 
reception/pro.,educ e falls  insignificantly  from  switching  on  I.2 
consecutively  witi  L^.  If  Lg  is  obtained  large,  then  one  should 
increase  hn  and  produce  translation,  after  assigning  Lg  = O.ILi 
value  p.  From  (7.94)  is  det errained  that  /(„  and  then  is  designed 
altitude  of  required  antenna. 
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Let  Us  detersine  the  detuning  of  frame  duct  due  tD  the  effect  of 
antenna.  The  introduced  from  by  the  antenna  of  circuit  into  frame 
duct  reactance  is  determined  from  the  equation 

<oMf' 


A V ***  ' '■‘P  / df  1 


A relative  change  in  the  reactance  of  the  fraraeworic  < ill  be 
determined  from  the  expression 


X — f L,- 


The  detuning  of  frame  duct  in  frequancy  will  be 


I aA'_  ^ A * 

7“  “2  7V  “ 2 Y U 


So  that  during  the  compensation  for  antenna  effects  does  not 
change  the  audibility  of  the  oriented  radio  station  due  to  detuning, 
value  Af  must  be  less  than  0.5  passbands  of  the  duct  of  the 
framework.,  Calculation  Af  one  should  produce  for  a wave,  closest  to  ^a- 
If  Af/f  it  i,j  great,  it  comes  to  increase  | and  to  produce  the 
translation  of  tha  cell/elements  of  the  diagram  of  the  compensation 
for  antenna  effects. 


7.13.  Calculation  of  unidirectional  reception/procedure 
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Cosinusoidal  ratliatiou  pattern  wakes  it  possible  to  ietermine 
two  values  of  bearing,  which  differ  by  180®.  For  deteriiiing 
single-val  ued  bearing,  is  applied  the  coabined  reception/procedure 
into  the  frawewon  and  the  open  antenna  with  cardioid  radiation 
pattern  (§3,8). 


Page  402, 


For  obtaining  the  diagram  of  reception/procedure  in  the  fora  of 
cardioid,  it  is  necessary  to  obtain  current  in  antenna  by  that 
cophas.al  with  emf  in  it,  Tliis  phase  coincidence  is  obtaLnad  precise, 
if  antenna  circuit  is  inclined  into  resonance  with  incident  wave,  or 
approximately,  if  in  circuit  of  antenna  included  high  eft;fctive 
resistance.  Diagram  with  the  tuned  antenna  due  to  its  complexity  will 
not  find  use  in  radio  direction  finders. 


Are  examined  below  diagrams  for  the  single-valued  let ei rainati on 
of  bearing  with  auditory  direction- finding  method.  The  patterns  of 
the  determination  of  single-valued  bearing  with  visual 
direction-finding  methods  are  examined  during  the  description  of 
visual  direction-finding  methods. 


Diagrum  with  the  unadjusted  vertical  wire  antenna  and  spiral  loop. 
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III  diagraiDS  trith  untuned  antenna*  it  is  not  possibla  to  obtain 
accurately  the  pliasing  of  emf*  induced  in  the  circuit  of  the 
framework  from  antenna*  and  emf*  induced  within  the  fcaiawork  it  is 
direct.  Let  us  examine,  which  degree  of  the  disagreement  of  the 
phases  between  these  of  einf  is  permissible  trom  practical  point  of 
view. 

In  the  circuit  of  the  framework,  operate  two  electromotive 
forces:  emf  Z;,,,  induced  in  it  it  is  direct, 

■—  ^ //i,,E  cos  0 

and  emf  /!\,  induced  in  it  by  antenna, 

/-'*  ==■  iy/uE  (cos  f -dz  i sin  <p). 

In  last/lattjr  formula  we  assume  that  the  means  of  communication 
of  antenna  with  the  framework  causes  phase  displacement  of  emf 

|£',i 

relative  to  current  in  antenna  to  angle  ir/2.  Heal  factor 
represents  the  ratio  of  the  uodule/modulus  of  emf,  induced  by  antenna 
within  the  framework,  to  emf  in  antenna  itself.  ♦ is  a pUase  angle  of 
current  in  antenna  relative  to  emf  in  it.  The  resulting  jaantity  of 

emf  within  the  framework  will  be 

= £ ,,  + = y'E  (-  /!,.  cos  0 -1-  y/i,  cos  <f  -jz  /t/i,  sin  <p]. 


4i 


S| 


<1 

■a 

4 

i 

ft 

g 


DOC  = 77223220  PAGE 


Page  403. 


The  module/modulus  of  this  value 

£p„  = E/  cos  Q + T/t«  cos  y)*  + (‘f/t.  sin  ?)» 

= E/ipi/ (—  cos  6 + a cos  <p)’  + (a  sin  <}>)’, 

'(tin 

vhere  ®~7r;r  is  relation  of  the  aaplitudes  of  emf,  induced 

within;  the  framework  through  antenna  circuit  it  is  direct.  The 

amplitude  of  resulting  emf  at  0 = 0 and  9 = 180®  will  be 

g|«3  0 = E^p/(«cos ? - D*  + (a  sin  <f)\ 

^p.3 180*  = E/tp  V'i*  cos  ? + 1)*  + (a  sin  ?)\ 

t! 

The  relation  of  these  two  values  characterizes  the  difference  in 
audibility  during  the  rotation  of  the  framework  through  180®  and, 
therefore,  clearness  of  the  determination  of  side.  This  sense  he  is 
called  the  coefficient  of  the  unidirectional  reception/procedure 


Value  ? 


(in  d B) 


(ac05y+  l)«  + a»stn»y  _-i/'  1 +a»  + 2a  COS  y .j  OP, 

■(acosf — l)>  + a>sin*f  V 1 +«•  — 2a cosy'  ' ’ ' 

as  a function  of  <t>  and  a is  represented 


in  Fig. 


7.  30. 


Usually  they  accept,  that  for  the  clear  determination  of  side 
the  difference  of  audibility  during  the  rotation  of  the  framework 
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through  Ifiu®  must  be  not  less  than  10  dB,  From  cutve/gcaph  it  is 
eviden:t  tliat  this  difference  in  audibility  can  be  provided  with  o > 
0»6.  Kith  this  than  is  more  a,  the  greater  phase  displaceaent  can  be 
allowed.  So. ^ tor  a^O.6  <pMm<c‘=20*;  for  a=0,8  (Pm«i(c“30®  and  for 

a ^1,0  tpMaKC^dS®. 

j\  With  a furthar  increase  a ( it  decreases.  Therefore  one  ought  not 
to  select  a > 1. 


afk  20lgl 
20\d..U0 


10  20  JO  to  SO  SO  70  SO  90 


Fig,  7.30.  Clearaass  of  determination  of  side  depending  on  phase 
displacement. 
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The  patterns  of  the  determination  of  side  with  tha  use  of 
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untuned  antenna  ace  cepresented  in  Fig.  to  7.31  (7.31a  - the  diagram 
of  the  direct  coupling  of  antenna  with  the  fcamewock,  7.31b  - the 
diagram  of  inductive  coupling)  . 


After  desigaating  C*  antenna  capacity,  C„  the 
capacitance/capacity  of  antenna  lead-in,  /?„  the  resistoc/resistance 
of  framework,  C tne  capacitance/capacity  of  the  tuning  of  the  duct  of 
the  framework,  from  the  calculation  of  equivalent  diagram  7,32a,  we 
will  obtain 


Y— . 

' '(:,  + c:+c' 


Ca  sin  If  l,B 


Cn  Cn  C /l|,  ’ 
Cn  4-  C » + C 
ioRlCAC,  +C„)- 


(7.86) 

(7.87) 

(7.88) 


Knowing  the  parameters  by  the  antenna  of  circuit  selecting  a and 
#,  according  to  that  which  was  presented  above  it  is  possible  to  find'/?n 
and  I tilculation  is  performed  on  longest  wave  of  tha  range,  where 
obtaining  one-sidad  r eception/pcocedure  presents  greatest 
difficulties. 
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Pig„  7,31.,  Pattens  of  determination  of  side:  a)  direst  switching  on 
of  antenna;  b)  antenna  coupling- 


■j 

A 


"i 


i 

-3 

1 


Fig.  7.32o  Equivalent  patterns  of  determination  of  side:  a)  direct 

i 

switching  on  of  antenna;  b)  inductive  antenna  coupling.  \ 

4 

Page  405.  1 
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Equivalent  liaqram  for  the  case  of  the  inductive  coupling  of 
antenna  with  the  fcamewock  is  given  in  Fig.  7.32b. 


In  order  to  axclude  resonance  by  tha  anteuna  of  circuit  from 
working  wave  band,  antenna  inductance  of  circuit  should  select,  on 
the  basis  of  the  condition 


®Lu< 


__j 

M (C,  + C») 


(7.89) 


During  satisfaction  of  this  condition,  disregarding  u>La  in 
comparison  with  I/® (Ca -f we  obtain  the  calculation  focaulas 

I 

•[  — - w^AfCa  sin 
sinf. 

'h 

Course  of  computation  is  following:  they  deteriniae  that  L:„ 
after  substituting  in  (7.89)  the  greatest  frequency  of  operating 
range  omiiiic.  is  determined  the  coefficient  of  mutual  inductance,  for 
which  are  assigned  by  the  inductance  of  coupling  coil  in  the  circuit 


(7.90) 

(7.91) 

(7.92) 


3 

1 


of  framework  Lj  ajd  by  the  coupling  coefficient  K.  In  order  not  to 
cause  a noticeable  decrease  in  the  inductance  (and  in  the  effective 
height')  of  the  framework,  they  accept  Lg  = (0. 05-0. 1)  Lo-  -oupling 
coefficient  is  selected  within  limits  0.4.  calculation  they 
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(7,92)  are  found  3in 

This  detec miaation  is  conducted  for  the  lowest  fceiuency  of 
range.  Knowing  by  formula  (7,90)  they  find  that  </<«•  Piaally, 
through  Fig,  7,30  or  {7,fl5)  they  find  f.  If  value  ? foe  lowest 
frequency  is  satisfactory,  is  conducted  checicing  € at  the  higher 
frequency  of  rangs. 

Conpiring  focraulas  for  the  circuits  of  direct  and  inductive 
connection  of  antenna  with  the  framework,  it  is  possible  to  see  that 
the  direct  coupling  provides  high  value  y,  which  is  favorable,  on  the 
other  hand,  the  diagram  with  inductive  coupling  is  more  oaniing. 
Specifically,  in  work  in  several  partial  ranges  in  ciroiilt  with 
inductive  coupling  to  more  easily  ensure  optimum  conditions  in  all 
partial  ranges  by  switching  coil  L,. 

Page  406. 

In  tne  insufficient  value  of  emf  from  antenna  and  ths 
impossibility  to  increase  its  height/altitude  applies  lii  the  channel 
of  antenna  amplification.  Due  to  the  complications  of  diagram  and 
control,  that  appaar  during  the  application/use  of  the  tuned  circuit 
in  antenna  circuit,  they  are  limited  to  the  application/use  of  a 
cascado/stage  of  aperiodic  amplification. 
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r)^1 

Diagram  with  the  anaujusted  vertical  wire  antenna  and  the  unadjusted 
framework. 

If  the  framework  is  not  inclined,  then  eaf  store/add  up  in  the 
tuned  circuit  in  which  operate  emf,  induced  from  the  circuit  of  the 
framework  and  fros  antenna  circuit.  Figures  7.33  gives  the  diagram  in 
which  the  antenna  is  not  also  inclined  and  it  is  inductively 

circuital.  It  is  obvious  that  in  this  case  it  is  possible  in  egual 

the  case  it  is  possible  in  egual  measure  to  use  any  of  the  systems 
described  above  of  antenna  coupling. 

Emf  in  duct,  induced  from  the  circuit  of  the  fraaeworlc  C'r,  in 

this  case  will  be  out  of  phase  relative  to  field  to  angla  90®-mo» 

since  is  obtained  supplementary  phase  displacement  *o  tho  circuit 
of  the  unad juste!  framework.  Phase  displacement  * between  two  emf, 
that  operate  in  duct,  will  be  egual  to  a phase  difference  and'f'" 
where  ‘Pa  determiies  the  phase  of  emf,  induced  in  duct  from  antenna. 
Thus,  in  formulas  (7. 86)  - (7. 88)  and  (7,  90)  - (7,92)  hearth  > should 
understand  resulting  phase  displacement: 


7^  9,  - 
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The  amplitude  of  enf  in  duct  will  also  differ  fcna  the 

amplitude  of  esf  within  the  fraaevork.  Specifically,  vai.ua  E\,  one 
should  substitute  in  formula  ^7«85)  instead  of  ifp. 


Fig,  7«33»  Pattern  of  determination  of  side  in  the  case  ef  unadjusted 
frame  work. 

Key;  (1).  To  receiver. 

Page  4 07, 

For  the  circuit  in  question,  disregarding  the 

capacitance/capacity  of  the  framework,  we  will  obtain 

j Rr  E/ip  co»  9 

’’  (ffpf  i)  + fi)  / I _ 

' ti) 

= (cos<p',-ysin^',)cosO. 
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Where 


tg?'. 


ia(U+L,)  . 
/?• 


Emf  in  dust  will  be  equal  to 

E\.=  — (sin  ?'o  + / cos  '?'o)  cos  0. 

Module/modulus  of  this  value 

sin9',cos6. 

Presented  in  this  paragraph  directly  applicably  to  the 
goniometric  sy:;tei  which,  as  shown,  is  completely  equivalent  to  the 
frame wolK  witn  inductive  coupling. 


The  addition  of  omf  in  separate  duct  in  the  majority  of  cases  is 
applied  in  goniometric  systems  with  the  framework  and  with  the  spaced 
antennas,  and  alsa  in  system  with  the  revolving  spaced  antennas. 


.3 

■a 


During  as  tne  antenna  of  the  system  of  radio  direction  finder 
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one  shoall  taice  Bsasures  for  that  so  that  between  electroaagna tic 
field,  which  operates  on  the  directed  system  and  the  ouiail  irection  al 
antenna,  would  not  be  the  noticeable  phase  difference,  which  was 
being  changed  with  frequency.  This  is  especially  inpoctant  on 
ultrashort- wavs  aid  skip  bands.  Therefore,  for  example,  in  the  ship 
gonioBRtcic  frame  radio  direction  finder  of  short  waves  auxiliary 
antenna  is  assembled  in  the  center  of  frame  system  [3.16],  Further, 
with  reference  by  the  antenna  of  system  it  is  necessary  3i  to  select 
the  diagram  of  inaut  circuits  so  that  the  phase  of  circuital  currents 
of  addition  from  auxiliary  antenna  and  from  the  directed  system 
changes  in  the  raigo  of  frequencies  according  to  identical  law. 

Page  408. 

For  simplifiiation  in  the  process  of  determining  tha  side,  is 
possible  the  application/use  for  the  unidirectional 
rece pti on/proceduc e of  tlie  separate  framework,  ar range/located 
perpendicular  to  fundamental  and  that  which  is  included  in  diagram 
instead  of  it  during  transition  to  the  determination  of  side.  In  this 
case,  the  minimum  and  the  maximum  of  unidirectional 
reception/procedure  are  observed  in  the  same  position  of  the 
framework,  as  the  minimum  with  direction  finding.  The  supplementary 
framework  usually  is  made  less  than  the  funaamental,  which 
facilitates  the  selection  of  the  relationship/ratio  of  tie  values  of 
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directed  and  nonil rect ional  ewf  at  small  s ize/dinensions  of  the  open 
antenna. 


Analogous  with  this  in  goniometric  system  is  possible  the 
applicatian/use  of  supplementary  search  coil,  pccpe ndi oul a r to 
fundamental  and  utilized  only  for  deter miniiig  side. 


Use  of  an  antenna  effect  of  the  framework  and  siroplifiad  oircuits  of 
unid ires ti onal  raaept ion/procedure. 


The  antenna  affect  of  the  framework,  examined  in  ohapter  5,  is 

equivalent  to  introduction  into  its  circuit  of  supplementary  euf, 

which  does  not  depend  on  direction-  With  its  sufficient  value  and 

correct  phase  relationship,  can  be  obtained  cardioid  pattern  of 

recept. ion/pr oceduc e without  supplementary  antenna.  For  this,  it  is 

required  by  the  selection  of  the  corresponding  diagram  to  increase 

antenna  effect  so  so  that  its  eiuf  would  be  equal  to  smf  within  the 

framework  in  amplitude  and  it  coincided  in  phase  with  the  latter. 

I 

Figures  7.  3U  gives  this  diagram. 

Midpoint  by  the  antenna  of  the  system  through  sal  f -i  n ductor  L 
and  recistor/rasistance  R„  is  connected  with  the  earth/ground. 


DOC  = 77223220 


PAGE 

Through  this  coil  occur/flow/lasts  the  fall  current  of  intenna 
effeot.  Coil  L by  one  of  previously  described  aethods  is  connected 
with  the  duct  of  the  selector  of  the  goniometer  or  triaework.  This 
diagram  is  appliai  more  frequently  with  the  spaced  antennas  than  with 
the  locked  framework,  since  for  the  first  antenna  effect  is 
relatively  higher. 


Fig.  7.34,  Use  of  its  own  antenna  effect  for  determining  side. 


Page  409, 


Use  of  the  grounded  point  of  the  field  coils  of  goniometer  in  a 
system  with  the  spaced  antennas. 
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Fot  attenlant  reception/procedure,  the  peaking  of  ths  rainiiruin 
with  auditory  dicaction  finding  (compensation  for  antaana  effects) 
and  the  da  terminations  of  the  side  of  radio  stations  in  radio 
direction  finder  instead  of  the  omnidirectional  antenna  it  is 
possible  to  utilize  a single-cycle  current  of  reception/proced ure  to 
the  directed  systan  and  thus  to  manage  without  itself  the 
omnidirectional  antenna- 


Let  us  examine  the  possibility  of  using  the  currant  through  the 
ground  wire  of  tha  field  coils  of  goniometer  for  the  nondi rect iona 1 
recept ion/proceduce.  In  the  case  of  the  winding/coil  of  ganiometer  by 
star  ttia  grounded  point  is  the  common  point  of  field  coils.  In  the 
case  avail  numbar  of  antennas,  symmetrical  winding/coil  of  field  coils 
and  use  of  each  coil  for  the  connection  of  the  opposit*  pairs  of 
antennas  the  grounded  point  must  be  midpoint  of  field  coils. 


Earlier  wa  will  establish  that  for  emf  of  the  m antanna  it  is 
possible  to  write  (3.50) 


y,  (a)  -{-  2 V ji'J,,  {a)  cos  (0  — 5//;) 


where  h cus'i-,  3—?". 

A ' n 


During  the  use  of  u common  point  of  field  coils,  all  emf  of 
anteniias  are  connacted  in  parallel.  Therefore  total  eaf  will  be 


•‘■’a:: 
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E,  =V  — E,/i„r«y,(n)-|-2^  j>‘J,,(a)V  cos  . 

p^\ 

^7.93) 

Wa  convert  (7.93),  taking  into  account  that 


2r  \ 0^ 

2j  pin  j—ii  npii  p — kn, 

MI-bI 

^ /2b  \ 

V cosf-/>//j  jr=0  A^a  Apynix  p, 

lUsi 

n f 

^ sin  P»i  ^=0  iici^'Aa. 


Key:  (1).  with.  (2).  for  another  p.  (3).  always. 


Page  410. 


Then  with  evan  iiunber  of  antennas 


£,  = E,A„  1 aV,  (a)  + 2 ( — 1 ) ^ y „ (a)  cos  nO  + 
4-2(— 1)-'y,„(a)cos2«0  + . ..1. 


For  six  and  sore  antennas  usually  it  is  possible  to  iisregard 
J„{a},  J,nUi)so  forth  in  comparison  with  (a)  ..  Therefore  approximately 

£,  E,/j^,«y,(a). 


I 
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Haxiaum  valua  E,  is  obtained  with  a = 0,  i.  e. , with  2b  0. 

In  Fig.  7, 35  is  sanstcucted  the  dependence  577!^  00  2b/X  with  0 = 

0»  From  figure  we  see  that  when  0,765,  — 0 and  when^  — 1|22  £,= 

— 0,4£i  Haico* 

Thus,  if  is  placed  the  requirement  to  utilise  nlipoiat  of  field 
coils  for  the  non i itectional  ceception/pcocedure,  than  it  is 
necessary  to  satisfy  requirement  2b/\  < 0.765. 

With  the  larger  separation  of  antennas,  i.e.,  when  2b/X 
0. 6-0.7,  it  is  possible  to  select  for  the  nondirectional 
reception/procaduce  each  time  the  pair  of  antennas,  which  lie/rests 
at  the  plane,  perpendicular  to  the  direction  of  the  oriaited  radio 
station,  but  diagram  and  work  itself  on  direction  finding  in  this 
case  strongly  become  complicated. 


Pig.  7.35.  change  in  emf  of  undirected  action  depending  on  separation 
of  antennas. 


Ff  Mane 
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Chapter  8, 


VISUAL  RADIO  DIRB-TION  FINDERS- 


8«1.  Pixel  loop  ridio  compasses. 


Radio  dicactlon  finders  with  visible  reading  of  bearing  are 
divided  into  two  groups; 

1}  direction  finders  with  manual  installation  by  taa  antenna  of 
system  on  bearing  from  readings  (§8»1); 

2)  the  direction  finders  in  which  the  bearing  can  ba  counted  off 
on  its  image  or  oa  the  position  of  the  arrow/pointer  of  instrument 
immediately  after  tuning  to  radio  station  without  the  neal  for 
revolving  antenna  system  (§8.  2-8.  8)  « 

Are  carried  out  works  on  the  automation  of  averaging  and  removal 
of  bearings  in  tha  direction  finders  of  the  second  group.  The 
averaged  bearing  is  developed  on  digital  signal  panel  (§8.9). 
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The  visual  radio  direction  finders,  which  dateraine  bearing  by 
the  installation  of  the  directional  antenna  toward  tha  liiimum  of  the 
depth  of  modulation,  will  be  called  the  name  fixed  loop  radio 
compasses  (see  Fig.  2.17). 

Fixed  loop  radio  compasses  widely  are  applied  in  aircraft.  This 
is  explained  by  the  following  reasons: 

1)  by  high  iitecference  level  on  aircraft  (incluiing  acoustir)  , 
which  are  led  to  an  increase  in  the  subjective  error  with  the  talcing 
of  bearing  by  audition  in  the  Biiiumum; 

2)  by  simplicity  of  the  aoter raination  of  bearing  iucing  the  use 
of  a visual  display  in  radio  direction  finder;  hence  by  the 
possibility  of  taa  maintenance  of  direction  finder  by  the  less 
qualified  operators,  that  especially  importantly  'u  aircraft; 

3)  by  simplicity  of  realization  on  the  fixed  loop  calio  compass 
of  flight  to  radio  station. 


Page  4 12 
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Overall  sizas  by  the  antenna  of  system  are  limited  dae  to 
mounting  gonditiens  an  aircraft;  therefore  in  fixed  loop  radio 
compasses  is  applied  as  by  the  antenna  of  system  almost  exclusively 
the  combination  of  the  framework  and  small  omnidirectional  antenna. 
For  the  size  decrease  by  the  antenna  of  system  frequently  are  applied 
the  framework  with  ferromagnetic  sore.  Voltage  of  ona  of  the  antennas 
undergoes  commutation  or  modulation  and  store/adds  up  with  the 
voltage  of  the  second  antenna. 

It  is  expedient  switchings  to  produce  in  the  circuit  of  the 
framework,  since  then  in  flight  to  radio  station  (tocgue^aoment  of 
bearing}  is  absent  the  modulating  voltage  and  is  feasible  the 
reception/pr oceduce  of  radio  station  without  interforenca  from 
modulation.  Tha  dissimilarity  of  diodes  or  triodes  of  switching  is 
led  during  switching  of  the  framework  only  to  diffsrant  instrument 
sensitivity  ducinj  deviation  to  the  right  and  to  the  left  from 
course.  During  switchings  of  antenna,  this  dissimilarity  causes  with 
direction  finding  also  errors  Ah-  Figures  8.1  gives  the  resulting 
diagrams  of  the  racept ion/procedure  when  switch  is  locatal  in  antenna 
circuit  and  voltages  from  antenna  change  their  value  during  switching 
of  phase.  The  position  of  bearing  is  detarniineu  with  accoc  A/,. 

The  commutation  of  the  framework  can  be  produced 
electromachanical  or  with  electronic  roetliod.  Due  to  the  inconstancy 
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of  contacts,  short  service  life  and  limited  switching  cate  of 
electromechanical  switches  standard  method  is  the  elactrsiic 
switching.  The  devices  with  the  aid  of  which  is  realized  commutation 
with  sinusoidal  envelope  shape  or  modulation  with  the  suppression  of 
carrier  frequency,  they  are  called  the  balanced  modulators.  In  the 
balanced  lodulators  it  is  possible  to  utilize  diodes  (Eig.  P.2), 
electron- tube  (Fig.  8.3)  and  transistors,  and  also  multigrid  tubes. 


u 


Fig.  8.1.  Displacaroent  of  bearing  during  switching  of  antanna 


VH^in 
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For  an  increase  in  the  sensitivity,  taking  into  accoant  the 
small  effective  height  of  the  framework  and  the  incraasel  inherent 
noise  level  of  tubes  of  the  balanced  modulator,  between  the  framework 
and  the  balanced  modulator  usually  is  placed  amplifier  stage  (Pig. 

8*2]  . In  the  channel  of  antenna,  it  is  ^ iible,  as  a rule,  to  manage 
without  itself  amplification. 


At  the  output  of  the  balanced  modulator,  occurs  the  addition  of 
the  modulated  voltage  of  framework  and  voltage  of  antenna,  which 
restores  carrier  frequency.  The  resulting  voltage  will  be 
feed/condacted  to  receiver  (usually  the  superheterodyne  type),  that 
contains  the  cascade/stages  of  the  amplification  of  the  high  and 
intermediate  of  frequencies,  detector  and  low-freguency  amplifier. 
The  output  voltage  of  receiver,  which  has  modulation  frequency, 
supplies  the  rotor  of  indicator  M,  and  the  voltage  of  the  local, 
oscillator  is  its  stator,  indicator  is  ferrodynanic  instrument. 


Readings  is  leteriiiined  by  currents  in  stator  /fj  and  rotor  If 
and  by  phase  displacement  between  them  i|': 


u — kij/ j,/ f i-cos  1)), 


( I ) 
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small#  otherwise  the  throw  of  pointer  decreases  and  sensitivity 
falls. 


In  formula  (9.1)  it  is  assumed  that  currents  /p  and  /ct  one  and 
the  same  frequency.  If  frequency  /p  differs  from  frequency 
appears  the  altecna ting/variable  torque  of  rotor  and  rifl eman/qunner 
it  comes  into  oscillatory  motion.  Because  of  the  inertia  of  the 
movable  system  of  frequency  indicator#  they  will  decrease  with  an 
increase  in  the  frequency,  i.e.#  difference  in  the  currant 
frequencies,  whicti  feed  rotor  and  stator.  The  difference  in  the 
frequencies,  by  which  the  amplitude  of  oscillations  falls  to  0.707 
from  the  maximum,  determines  the  band  of  the  susceptibility  of 
indicator.  The  baad  of  the  susceptibility  of  indicators  composes 
several  hertzes. 

Let  us  exaoiae  the  work  of  the  balanced  modulator  in  which  ace 
used  the  vaccum  tube  triodes.  The  fundamental  conclusions  which  will 
be  obtained,  ace  retained  for  other  circuits  of  the  balanced 
modulators. 

To  the  grids  of  the  tubes  of  the  balanced  modulator  and  JIj 

will  be  feed/conda cted  in  antiphase  the  voltage  of  the  local 
oscillator  of  iccjuency  n/2jr  = F-  The  voltage  of  the  framework  will 
be  f eed/conducted  to  the  grids  of  tubes  also  antiphase,  and  their 


■a 
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anode  currents  stare/add  up  cophasally.  Is  possible  anothac 
construction  tie  diagram  when  the  grids  of  tubes  Jl\  and  JZj  are 
supplied  from  the  framework  cophasally*  but  the  anodas  acn  included 
antiphase,  i.a,,  their  currents  are  deducted.  However,  the  second 
version  is  less  favorable  (see  page  422). 


Let  the  currant  of  tubes  ^7  obey  the  law  (work,  or^urs  without 


cutoff ) 


i = /,  + a.c,  4-  a,el  -j-  a,el  + . . 


wh  ere  f,  is  a grid  voltage:  aj,  da,  33  are  coefficients  af  the 
characteristic  of  tubes. 

Let  us  designate  £'„sin£l/  voltage  from  generator  3 of  low 
frequency,  /•,,„,„osin  Osinnd  voltage  from  the  framework  during  its  rotation 
thtougli  angle  0 from  the  direction  of  zero  reception/procedure. 

To  tie  grids  of  each  of  the  tubes  y/,  and  J/,  fall  the  halves  of 
these  voltages  with  phase  displacement  130®.  Amplitudes  of  these 
St re  sses 


E,  = 0.5E„  an  a ^ -O.ri/T,  siuO. 


Page  uih 
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Then 

- zL  sin  Cll  -f  L sin  w/). 

Beiny  limited  four  by  teras  of  expansion  i,  for  the  current  of  the 
first  tube,  we  will  obtain 


/,  =^.  -f  sin  {It  -f  a,f  sin  mt  -f  o^Z:*  gin*  at  + 

4-  a,£*  sin*  ml  + 2a^E^E  sin  Ot  sin  mt  -f  a.E]  sin*  D/  + 

-|-  a,£*  sin*  «>/  .3ajZ:*  E sin*  Oi  sin  u)/  -j- 

on,/:' ,£*  si  n at  sin*  W + • • . 

Let  us  isolate  from  this  current  the  amplitude  / of  component 

iQ.  20 1 

furdamental  frequency  w.  Current  of  frequency  /\  iio  .veil  as  the 
high  frequency  harmonies2®,  3'ji,..do  not  interest  us  since  they  do  not 
pass  through  the  high-frequency  circuits  connected  in  behind  tubes  y/ 
and  tuned  to  frequency  ov- 

For  the  current  of  the  first  tube  of  frequency  we  have 

/.  sin  0/  + ~ a,£*4-3a,£^£ sin*  nz+...  (8.2) 

Thus  let  us  write  expression  for  the  coniponent  frequency 
of  tlie  Guri-ent  of  the  second  tube; 

/^_  = — a,£-f  2ai£o£sinOZ  — 

-ia,£*-3a,£’£sin*QZ  + ...  (8.3) 
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Through  coil  Lj,  occur/f low/1? st.s  summed  current  witf»  fceguency 
w: 

^ui  11/ = sill  0 sill  £1/,  (8»'i) 

During  tha  aidition  of  currents  (8.2)  and  (8.3)  we  assume 
identical  tubes  //i  and  JI2  and  equal  of  the  voltage  oE  asterodyne, 
supplied  on  both  tubes.  With  the  disturbance  of  tnese  coniitions, 
summed  current  will  contain  the  unmodulated  component  and  component, 
modulated  by  douole  frequency.  The  first  of  them  leads  to  tiie 
asymmetry  of  the  throws  of  the  pointer  of  indicator  from  zero 
position  during  the  rotation  of  the  frameworlt  to  one  and  another  of 
side. 

Page  417. 

The  presence  of  campononts,  modulated  by  the  harmonics  of  the 
frequency  of  the  reference  oscillation,  can  cause  errors,  "^he 
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inibalancp  of  the  Balanced  modulator  is  undesirable  for  other  reasons, 
examined  below. 

If  /a  - radiation  current  and  0 - phase  d ispla cenant  of  the 

current  of  the  balanced  modulator  relative  to  radiation  current,  than 

of  erof,  induced  in  coil  at  input  ultrahigh-f requency  (Fig.  8.3)whose 

inductance  is  further  designated  Lj,  it  will  be 

e — mMJ^^  sin  «>/  sin  (mf  -j-ip)  = 

— £a  (sin  <o(  + A'sin  D/  sin  (wi  -f-  v)]  = ^ sin  (W  -[-9,,^,), 

where  Hi  and  M2  ” mutual  inductance  LjL^  and.  -aLj ; 

Al:^.“SinO;  ~«,u)A/,£gfr,  . Mai(c» 

•<n 

/:  =;  j/ 1 -j-  2A\  cos  9 sin  0/  -j-  A\’  sin’  O/;  | 

, M sin  f sin  2/  . | 

ig  f pen  - , ^ ^-,,05  y sin  a,’  • J 

When  the  radiation  currents  and  the  balanced  modulator  ar»  found  in 
phase,  we  obtain 

£=:.£„(l^-Msinao.  (R.O) 

Signal  is  molulatod  in  amplitude  with  the  depth  of  modulation, 
proportitmal  to  tie  sine  of  bearing,  and  phase  modulation  is  absent. 
After  detection  output  potential  is  proportional  ZlpsiiiO. 

when  0 = 90^  amplitude  ot  resulting  e mf  barely  iapeils  on 
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baaring  and  nodulatlon  frequency,  but  the  phase 

Tj>«»  = ai‘ctg(MsinO/)  (8.7) 

changes  with  frequency  n.  Thus,  in  this  case  signal  proves  to  be 
nodulated  on  phase.  It  is  known  that  sensitivity  with  phase 
nodulation  in  the  mode  of  small  ratio  of  the  voltage  af  signal  to 

r 

disturbing  voltage  and  small  index  of  modulation,  as  this  is  observed 
in  radio  direction  finders,  lower  than  the  sensitivity  with  amplitude 
modulation. 

Page  418, 

c 

The  structure  of  receiver  with  phase  modulation  is  more  complex  than 
with  amplitude.  For  these  reasons  in  fixed  loop  radio  coipasses,  is 
utilized  the  amplitude  modulation,  which  corresponds  to  the  absence 
of  phase  displacement  between  the  radiation  currents  and  the  balanced 
modulator.  However,  due  to  inaccuracies  in  the  production  and  tuning, 
is  feasible  certain  phase  displacement,  with  the  phasing  of  the 
circuits  of  the  framework  and  antenna,  one  should  consider  that  emf, 
induced  in  them,  are  distinguished  by  phas©  to  90®. 

nodulation  factor,  as  can  be  seen  from  (8.5),  it  is  proportional 
to  sip  0.  By  the  rotation  of  the  framework  (or  by  the  rotation  of 
aircraft)  operator  establish/installs  the  framework  in  the  position. 
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which  corresponds  of  zero  iDodulation  factor:  M=0. 
ar row/pointer  of  indicator  in  this  case  is  located  in  ths 
lid-position.  During  the  divergence  of  the  framework  from  zero 
position  to  one  a:  the  other  side,  the  arr ow/pointer  of  indicator 
also  deviates,  in  one  of  the  zero  positions  of  rif leian/gunner 's 
framework,  it  deviates  the  same  side,  as  the  framework.  To  the  second 
zero  position  of  the  framework,  which  differs  from  the  first  to  180®, 
rifleman/gunner  it  deviates  to  the  side,  rev6»rse/inver ss  to  the 
framework.  According  to  this  sign/criterion  it  is  possible  to  obtain 
one-sided  bearing  to  radio  station. 

With  an  increase  in  the  modulation  factor,  output  voltage 

grow/rises  proportionally  thus  far  M<1, When  begins  the 

overmcidulatioa  (M>1),  stress  component  of  the  fundamental  frequency 

V on  the  output  of  detector  it  is  little  affected  with  an  increase  in 

the  modulation  faotor.  At  the  same  time  grow/rise  the  constant 

component  and  the  amplitudes  of  harmonics.  During  the  rotation  of  the 

framework  from  the  position  of  bearing,  output  current  at  first  (whan 
E„s\n<l<E^)J 

^ grow/cises  proportional  to  sin  0.  subsequently  beginning  with  the 

p 

angle  f),  = arcsin^,  at  which  the  modulaticn  factor  stops  equal  to 
Unity,  output  current  it  remains  almost  constant  (Fig.  S.'l). 

Sinca  the  constant  component  of  the  voltage  of  datactor  is 
utilized  for  the  automatic  gain  control  (AGC),  an  increase  in  the 
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constant  compoaeit  with  the  onset  of  ovecniodulation  causes  a fall  in 
the  amplification  of  receiver.  During  application/use  AGC,  the  output 
voltage  of  frequancy  F after  the  onset  of  over modulation  loes  not 
remain  constant,  but  begins  to  decrease  {Fig.  8.5). 

Page  4 19. 

A similar  depaadance  impedes  operator,  since  in  some  positions, 
revolving  the  framework  to  the  side  of  a decrease  in  tha  throw  of  the 
pointer  of  indicator,  it  it  does  not  approach  the  framework  a true 
position  of  bearing,  but  it  drives  out  from  it,  if  maxinun  modulation 
factor  does  not  exceed  1.5,  a decrease  in  the  output  voltage  because 
of  action  of  A3C  comprises  not  more  than  2o/o,  that  it  is  possible  to 
recognize  parnissLblo.  When  M = 2 a decrease  in  the  output  voltage 
comprises  already  14o/o., 

Tha  harmonics,  which  appear  in  output  current  with  modulation, 
do  not  cause  the  throw  of  the  pointer  of  indicator,  if  voltaga  of  the 
generator,  which  feeds  stator,  does  not  contain  harmonic  components. 
But  if  the  currents  of  harmonics  occur/flow/last  also  thccugh  the 
stator,  then  the  Interaction  of  any  harmonic  of  the  output  current, 
which  takes  place  through  the  rotor,  with  the  appropciata  harmonic  in 
armature  current  causes  throw  of  pointer  and,  therefore,  a rror. 
Therefor;"  to  alsc  inexpediently  apply  large  modulation  factors,  since 
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Page  420. 

Enif  of  antenna  effect,  which  appears  within  the  fraaework 
(§4.2),  and  eaf,  induced  in  it  different  kind  by  return  slitters  *■ 
(§5.3),  it  is  possible  to  decompose  on  two  components:  finding  in 
phase  froi  tha  fundamental  of  emf  of  the  framework  and  shifted 
relative  to  it  on  phase  to  90®. 


FOOTNOTE  *,  Ratucn  emitters  induce  supplementary  emf  not  only  in  the 
circuit  of  the  framework  as  in  the  case  of  antenna  effect,  but  also 
in  the  circuit  of  the  open  antenna,  which  leads  to  the  onset  of 
supplementary  error  from  nonphaso  field  component  of  reradiation,  not 
taken  into  consilaration  (8.8)  and  (8.9).  Supplementary  error  is 
observed  independent  cf  the  accuracy  of  the  phasing  of  the  channels 
of  the  fratnewock  and  antenna  and  of  the  tuning  precision  of  receiver 
to  signal.  It  is  possible  to  show  that  the  supplementary  error  is 
proportional  to  the  square  of  the  relation  of  the  amplituies  of  the 
field  of  reradiation  and  ground  field  and  usually  weight  is  small. 
ENDFOOTKOTE. 


The  first  of  them  causes  the  same  errors  as  in  direction  finder  with 
the  installation  of  the  ininimuin  on  audition.  The  modulated  in  the 
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balanced  modulator  component,  out  of  phase  to  90®#  after  Jddition 
fcom  emf  of  anteaia  creates  phase  modulation  in  accordance  with 
(8»7j.  In  the  accurately  inclined  fixed  loop  radio  coapaas  this  phase 
modulation  does  aot  affect  indicator. 

During  inaccurately  the  channel  checlcup  of  the  fraoetfork#  phase 
displacement  0 can  prove  to  be  different  fcom  zero.  As  a result  of 
phase  displacement  in  the  channel  of  the  framework#  tha  nonphase 
component  of  antenna  effect  differs  from  emf  of  antenna  {Fig.  8.6) 
not  by  90°#  but  at  an  angle  of  90®  ^ it  contains  cophasa  1 from  emf 

of  antenna  coaponant  fusintp.  where  En  are  emf  of  tha  nonphasa 
component  of  antenna  effect  at  the  point  of  addition.  Modulation 
factor  becomes  egual  to 

— 'jr  cos  <t  sin  6 — sin  0, 

tig  ‘ 
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Fig.  8.6.  Vectac  failure  diagraa  under  the  effect  of  the 
extra-phase  anteaia  effect:  a)  with  a precise  phasing  of  the  channel 
of  the  framework;  b)  in  the  presence  of  phase  displacement  in  the 
channel  uf  the  fcaniework. 

Page  421. 

Modulation  factor  ana  together  with  it  the  throw  of  the  pointer  nl 


DOC  = 77223220 


PAGE  ’H/T' 

■777 


indicator  they  aca  turned  into  zero  not  with  B - 0,  but  when  0 = Ai, 
Error  is  ietecminad  from  expression  M—O,  i»e«» 

sin  A,  = tg  f.  (8.8) 


If  £^=0.1,  then  phase  displacenent  must  not  exceal  23®  so  that 
the  error  will  ba  less  than  2®.  The  tjhase  modulated  signal,  caused  by 
antenna  affect,  can  lead  to  errors  also  with  the  detuning  of  receiver 
relative  to  signal  frequency.  Due  to  detuning  phase  modulation  is 
converted  into  ajiplittide  cn  the  iiamps  of  resonance  curve  with  further- 
detection  by  usual  detector.  The  outj^ut  current  of  detactar  contains 
component  raoduiatlon  frequencies,  caused  by  antenna  effect,  over  that 
component  which  is  due  to  the  normal  action  of  frame  emf.  Both  these 
components  compensate  for  each  other,  and  full  current  is  equal  to 
zero  in  tie  position  of  the  framework,  different  from  the  position, 
which  corresponds  to  bearing,  to  the  angle  of  bearing  acror  Error 
^2  is  proportional  to  relative  value  of  nonphase  antenna  affect,  to 
modulation  frequaacy  F and  to  the  slope  of  curve  of  resonince  f*  (Af| 
at  this  detuning  Af: 


_ /^  r flftflf) 
'>-£p  S'  f(A;)  ‘ 


(8.9) 


The  slope  of  curvs  of  resonance  depends  on  the  degree  of  detuning  and 
structure  of  selective  system. 
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Table  8,  1»  Relative  slope  of  curve  of  resonance  on  the  band  edge  of 
transmission. 


c * V 


JlbHAR  1 

1 C/tndo  cJhis^HHMP  KoiirypN  | 

ctiCTeua  j 

1 

i * 

3 1 

4 

npH  kpiiT ii'it'* 

1 CKOfI  CDflJH 

OTHOCUTC^bHAfl 

KpyT113Ha 

Bf  (A/) 

1 m \ 

0.5 

0.59 

0,63 

0,69 

i 

0,65 

Key:  (1).  Selective  system.  (2).  Keakly  coupled  circuits.  (3).  Two 
Ducts  in  critical  coupling.  (4).  Relative  slope/transconiuctance. 


Page  422. 

Table  8.1  gives  corrected  values  of  the  relative 
slope/transconductance  of  resonance  curva  on  the  band  alga  of 
transmission  B»  i.e.,  when  Af  = 0.5B»  for  different  selective 
systems. 

If  wa  on  band  edge  allow  error  1.  S'*  when  ^=0,12,  then  passband 


must  be  13  > 3F 
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Another  soucse  of  the  supplementary  of  emf  in  the  channel  of  the 
fcaraeworh  are  the  direct/straight  communication/connections  between 
antenna  circuit  and  the  channel  of  the  frameworX.  In  their  action 
they  are  completely  analogous  to  antenna  effect.  The  hoot  ups  of 
antennja  with  the  channel  of  the  framewoclt  bear  chiefly  capacitive 
character  and  induce  on  the  grids  of  tubes  Jl^  and  Ji\  co-phased 
voltages.  For  the  determination  of  the  output  effect  of  cophasal  grid 
voltages  of  the  tubes  of  the  balanced  modulator#  it  is  possible  to 
use  eguatlons  (8.2)  and  (8,3),  changing  in  any  of  them  signs  for 
reverse/in verse  and  understanding  by  E tne  value  of  parasitic  emf. 
During  the  addition  of  currents,  the  terms  2agEftE  sin  [Jt  mutually  are 
compensatad  and  summed  current  does  not  contain  by  the  component 
modulated  fundamental  modulation  frcguency.  Complete  coapansation 
occurs  with  equality  in  the  absolute  value  of  currents  /^,  and  /,j. 
During  the  imbalance,  caused  by  the  dissimilarity  of  tubas  (different 
coefficients  32  for  tubes  jj,  and  Jl^)  or  by  the  inequality  of  the 
voltages  of  low  frequency,  subjects  on  both  tubes,  the  compensation 
is  disrupted  and  output  current  contains  component  modulation 
frequencies,  whici  causes  the  errors  in  readings  of  indicitor. 

Version  mentioned  above  second  cf  the  switching  on  of  the  tubes  of 
the  balanced  modulator  when  voltages  from  the  framework  are  fed  to 
both  grids  cophasally,  .*orse  than  the  first  version  ia  toe  relation 
to  effect  the  induced  by  antenna  voltages,  since  parasitic  voltages 
operate  in  it  just  as  the  voltage  of  the  framework. 


DOC  * 77223220 


PAGE 


Very  pawsrfuL  signdls  ace  accompanied  by  errors,  since  the 
overloading  of  the  cascade/stages  of  recsiver  causes  ttia  appearance 
of  harmonics  of  aadulation  frequency.  The  latter  interact  with  the 
harmonics  of  the  current  of  the  reference  oscillation  and  can  cause 
supplementary  bearing  error. 


AS  indicator  it  is  possible  to  apply  the  instrunant  of  direct 
current.  For  its  ase  it  is  necessary  to  rectify  the  output  voltage  of 
receiver  with  the  aid  of  balance  detector. 


Page  423, 


8.2.  The  automatic  direction  finders  SITU  the  servomechaaisB  (radio 
compasses)  . 


In  this  type  radio  direction  finders  bearing  is  datermined  by 
automatic  unit  by  the  antenna  of  system  to  the  position  of  bearing 
with  the  aid  of  servo  system. 


Figures  8.7  depicts  the  bloclc  diagram  of  radio  direction  finder 


T ' ? 

i 


N 


G 
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with  the  s er vomasi a nism.  Voltage  from  with  the  antenna  of  system  is 
fed  to  receiver.  The  output  voltage  of  receiver  with  the  lid  of 
control  circuit  controls  the  motor  which  establish/installs  antenna 
system  in  the  position  of  bearing.  The  output  voltages  of  receiver 
roust  satisfy  the  following  conditions; 

1)  stress  must  be  equal  to  zero  in  the  position  of  baaring, 
since  motor  in  tnLs  position  must  remain  motionless; 

2)  during  daviatiori  by  the  antenna  of  system  from  ths  position 
of  bearing  to  one  or  another  side  output  voltages  must  reverse  the 
sign  (or  phasejso  that  the  motor  rotates  to  the  proper  sile,  i.e,,  in 
the  direction,  returning  antenna  system  to  the  position  of  bearing. 

The  placed  cjnditions  they  satisfy  radio  direction  finders  with 
the  reading  of  bearing  on  the  minimum  of  the  depth  of  jolulation. 

This  direction-fiiding  method  is  simpler  than  others,  it  makes  it 
possible  to  carry  out  an  automatic  unit  of  antenna  to  the  position  of 
bearing.  Radio  direction  finders  with  the  automatic  unit  of  the 
framework  into  the  position  of  bearing,  the  operating  from  method 
determinations  of  minimum  (zero)  of  modulation  with  cosiusoidal 


1 

?! 
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Fig.  8.7.  Blosic  diagcam  of  radio  direction  finder  with 

t 

servomechanisi. 

Key:  C'l)  • Antenna.,  (2).  Receiver.  (3).  Cont.  diagram. 

Page  424. 

Their  fundamental  operating  advantage  is  that  the  operator  is 
free/released  froa  the  search  by  hand  for  the  position  of  bearing  and 
from  supplementary  operations  regarding  side.  Furthermore,  is 
realized  continuously  the  indication  of  the  value  of  bearing  during 
his  changes.  The  antenna  system  of  radio  compass  can  be  referred  up 
to  certain  distance  from  operator,  and  this  considerably  facilitates 
the  location  of  radio  direction  finder  for  the  objective,  especially 
on  aircraft.. 


Antenna  systems  and  the  receptors  of  radio  compass  aad  fixed 
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loop  radio  compass  are  analoqous.  Output  receiver  current  which  in 
fixed  loop  raiio  oonipasrj  supplies  the  indicator  of  bearing,  in  radio 
compass  is  utilized  for  roll  control  of  motor.  The  power  of  output 
receiver  currents  is  insufficient  for  the  direct  rotation  of  motor. 
For  power  gain,  ace  applied  amplifiers:  tube,  thyratcaa,  magnetic, 
etc.  Figures  8.8  iepicts  the  widespread  control  circuit  with  the 
magnetic  ?.nplifiers  and  n^.  Since  control  of  magnatic  amplifiers 
is  conducted  by  direct  current,  between  the  receiver  and  magnetic 
amplifiers  is  placed  balance  detector  (tubes  ./7,  and  -./li),  the 
rectifying  output  receiver  current  with  the 

preservati on/reten t ion/maintairiinq  of  sign  with  respect  ta  the  phase 
output  current. 
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Fig.  8.8.  control  circuit  of  radio  compass. 

Key:  (1).  supply  voltage  of  motor-  (2).  Reference  genarator. 

Page  425. 

The  output  voltaga  of  the  receiver  of  the  frequency  of  loral 
■odulation  t/rsini2/  is  fed  to  the  grids  of  tubes  and 
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antiphase.  To  their  anodes  is  fed  the  co-phased  voltage  of  the  same 
frequency  froa  taa  reference  oscillation.  Tubes  work  in  the 
mode/conditions  of  anode  rectification  on  the  lower  bend  3f 
characteristic  (grid  bias  It  the  output  voltage  of  receiver  is 

equal  to  zero,  tha  anode  currents  of  both  tubes  are  identical.  Is 
identical  the  value  of  the  magnetization  of  the  arms  of  magnetic 
anplifiera  I and  II.  If  output  voltage  not  is  equal  to  zaro  and  its 
phase  coincides  with  the  phase  of  reference  voltage  on  the  anode  of 
tube  i7i.  its  anode  current,  that  t::kes  place  on  the  control  winding 
of  the  magnetic  asplifier  K,,  grow/rises,  but  ^he  anode  current  Z/^, 
which  takas  place  through  winding  falls.  With  respect  to  this  and 

the  magnetization  of  core  I is  greater  than  the  magnetization  of  core 
II.  With  an  alternation  in  the  phase  of  output  current,  tie 
magnetization  of  arm  II  liecoraes  more  than  arm  I- 


Hagiistic  amplifiers  are  included  according  to  bridge  circuit. 
Bridge  is  comprised  from  inductance  L' j and  L* j of  magnetic 
amplifiers  and  inductance  Lj  and  Lj  of  secondary  windings  of  the 
feeding  tr ansf oca  a r.  Feed  is  conducted  from  the  gr iddnetwoc k of 
alternating  current.  Output  voltage  is  remove/taken  from  the  diagonal 
of  bridge  ab.  During  the  identical  magnetization  of  tha  ores  of  both 
magnetic  amplifiers,  the  b'  ’ ‘ge  is  balanced  and  voltage  on  diagonal 
ab  is  equal  to  zero,  when  unaer  the  effect  of  signal  oie  3f  the  cores 
(for  exatnpl?,  I)  it  is  magnetized  more  powerful  than  another,  the 


•frtmwiaia 


I'^^UUJipjl  I..- 
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inductanca  of  wiiJinj  L'|  falls,  current  in  it  grow/rises,  bridge 
balance  is  disrupted  and  the  voltage  at  point  a becomes  above  than  at 
point  b«  In  load  flows  the  current  from  a to  b.  During  tha  more 
powerful  magnetization  of  another  core,  the  current  in  load  flows  to 
reverse  side  from  one  b to  ne;;t.  Thus,  with  an  alternatioi  in  the 
phase  of  output  caceiver  current  changes  the  phase  of  the  cuccent, 
which  feeds  motor  D, 


As  motor  for  the  rotation  of  the  framework,  is  is  commorly  used 
two-phase  induction  motor.  One  of  its  windings  is  suppLiaJ  from 
network  of  alternating  current,  the  second,  control  winding,  by  the 
output  voltage  of  magnetic  amplifiers  from  diagonal  ab.  Currents  in 
supply-line  and  control  windings  must  be  out  of  phase  to  50®,  which 
is  achiavad  by  tha  selection  of  capacitors  C|  and  Cg. 


^ h;f!ytgvi.xc*3r ; 
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Then  appears  the  revolving  aagnetic  fieldr  vhich  carries  along 
shot t-circ oi tel  retor  P-  «ith  an  alternation  in  the  phase  of  current 
In  control  vindinj  to  180®  phase  displaceaent  of  its  relative  to 
current  in  supply-line  winding  it  stops  - <>0®  nagnetic  field  and 
rotor  P rotate  to  reverse  side.  The  rate  of  the  rotation  of  motor  is 
high.  For  its  decrease  between  the  aotor  and  the  fcaoBwort,  is  placed 
the  reducer. 

Engine  tocgua  ie  proportional  to  currer:t  in  control  winding,  who 
is  proportional  to  the  output  voltage  of  receiver,  i.e.,  to  the  sine 
of  the  angle  of  daflection  of  the  fraaework  from  the  position  of 
bearing.  Because  of  friction  in  the  cell/elements  of  systam  (in 
motor,  the  hearings  of  the  fraaevork,  reducer)  the  motor  begins  to 
rotate  only  if  Its  torsional  moment  will  exceed  friction  moment  and, 
therefore,  when  the  deflection  of  the  framework  will  be  the  more  than 
deterainei  miaimum  angle,  called  the  angle  of  insensitivity,  or  dead 
angle..  Changes  in  the  bearing  less  than  this  angle,  they  are  not 
mastered  by  servo  system.  Dead  angle  must  be  small  in  comparison  with 
the  permissible  error  of  system.  Decreases  in  the  dead  angle  reach 
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because  of  the  usa  of  a systea  with  nininuB  fcictioa  aonant  and  the 
selection  of  sufficient  horsepower. 

The  Bost  inportant  paraneters  of  servo  system  ara  its 
aperiodic! ty,  set-up  tine»  the  speed  of  final  adjusteent  and  dynamic 
error; 

Servo  system  must  be  aperiodic.  During  the  deflection  of  the 
framework  from  the  position  of  bearing#  the  system  must  raturn  it  to 
the  position  of  baaring  without  oscillations#  i.e.#  without  the 
transitions  through  the  position  of  equilibrium  to  one  and  another 
side.  For  providing  the  aperiodicity # must  have  the  proper  value 
braking  couple  on  the  shaft  of  engine#  for  which  are  utilized  the 
supplementary  hindering  devices.  Their  braking  couple  must  be 
proportional  to  the  rotational  speed.  Under  this  condition  it  does 
not  affect  sensitivity#  since  in  rest  position  its  action  does  not 
manifest  itself. 

The  time  of  establishment  he  is  called  time  interval  from  the 
tocgue/moment  of  the  deflection  of  the  framework  from  the  position  of 
bearing  to  the  torgue/moment  when  servo  system  returns  tha  framework 
to  position  of  equilibrium.  Set-up  time  determines  the  mininum 
duration  of  signal#  by  which  can  be  undertaKen  the  bearing. 
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Periodic  voltages,  for  example  stress  coaponent  of  noises,  which 
operate  on  servo  system,  are  not  caused  the  noticeable  motion  of 
motor,  if  their  period  is  shorter  than  the  set»up  time.  The  band  of 
the  frequencies  of  the  transmission  of  system  inversely  proportional 
to  set-up  tine.  The  value  of  set-up  tine  is  usually  5-15  s. 

The  speed  of  final  adjustment  is  called  that  naxiaum  angular 
rate  pf  rotation  of  the  framework  = .which  is  provided  by  servo 
system.  This  value  has  a value  daring  a continuous  change  in  the 
bearing,  for  example  the  bearing  of  motionless  station  in  flight  of 
aircraft.  The  usual  angular  rates  are  ssall,  and  obtaining  a 
sufficient  rate  of  final  adjustment  does  not  represent  difficulties. 

Dynamic  error  arises  during  a continuous  change  in  the  bearing 
as  a result  of  the  tine  lag  of  servo  system.  This  error  must  be  small 
in  comparison  with  the  comnon/general/total  error  of  radio  direction 
finder. 

The  methods  of  the  calculation  of  control  systems  are  the 
object/subject  of  special  discipline  £2.4,  2.5]  and  here  they  are  not 
brought. 
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For  the  transaission  of  the  position  of  the  fraBewock*  is 
applied  the  renots  systen:  flexible  shaft*  selsyn  transaission*  etc. 
Operator  reads  bearing  on  repeater.  The  transaission  systaa  of  angle 
Bust  not  introduce  errors. 

Radio  coapass  has  two  positions  of  eguilibriua  in  accordance 
with  two  zeros  in  the  radiation  pattern  of  the  fraaework.  One  Of 
these  positions  stable:  during  a change  in  it  at  the  output  of 
receiver*  appears  the  voltage*  which  sets  to  action  servo  systen  to 
the  side  of  a decrease  in  the  deflection.  To  the  second  position  of 
eguilibriua*  a change  in  the  franework  causes  the  reverse  on  phase 
voltage,  which  sets  servo  systen  to  notion  to  the  side  of  an  increase 
in  the  deflection.  Thus*  the  second  position  of  eguilibriu m is 
unstable.  Radio  coapass  gives  one-sided  bearing. 

Page  428. 

Reasons  for  the  errors  in  radio  coapass  the  sane  as  in  fixed 
loop  radio  conpass.  Besides*  that*  ace  possible  the  dynaiLc  error  of 
servo  systen  and  the  error  of  the  systen  of  the  teletransa ission  of 
angle.;  These  two  conponents  of  errors  can  be  nade  very  snail. 

In  radio  conpasses  is  applied  a nodulation  factor  less  than 
unit*  since  overnodulation  is  unfavorable  for  the  work  of  servo 
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s^stea  due  to  the  appearance  of  sections  with  transinpedance  on  the 
characteristics  of  the  dependence  of  the  output  voltage  of  receiver 
fcoa  the  angle  of  rotation  of  the  fraaeuork  (Pig«  8.5). 

Besides  antennas  with  cosinusoidal  radiation  pattern,  as  in 
fixed  loop  radio  coapasses,  in  radio  coapasses  it  is  possible  to 
utilize  the  pencil- beaa  antennas. 

The  construction  of  circuit  and  in  this  case  is  aost  convenient 
daring  use  for  tha  direction  finding  of  the  aethod  of  deteraining  the 
ainiaaa  of  the  depth  of  nodulation.  With  the  pencil-beaa  antennas  are 
created  two  those  who  were  displaced  to  certain  angle  of  the 
radiation  pattern  whose  coaautation  foras  nodulated  voltage  with  the 
depth  of  aodulation#  deterained  by  deflection  fron  the  position  of 
bearing  (see  Fig.  2«1S)  . 

As  a result  of  the  sharpness  of  radiation  pattern,  is  feasible 
the  reception  only  in  the  sector,  equal  to  the  aperture  angle  of  ' 
diagraa.  If  is  necessary  direction  finding  froa  any  directions, 
provide  for  two  aode/conditions  - search  aode  with  long  running  by 
the  aatenna  of  systea  and  the  aode/conditions  of  tracking  in  sector. 

Badio  diraction  finders  of  the  type  in  question  are  applied 
aainly  at  the  superhigh  frequencies  for  which  easily  are  fulfilled 
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the  antennas  with  acute/sharp  radiation  pattern. 


8.3.  Xvo-^hanaal  lutoaatic  direction  finder  vith  visible  reading  of 
bearing. 


Figures  8.9  depicts  the  block  diagraa  of  this  radio  lirection 
finder.  Voltages  froa  tvo  mutually  perpendicular  framework  or  the 
pairs  of  the  spaced  antennas  are  connected  to  the  input  of  receiving 
indicator.  Receiving  indicator  consists  of  tvo  radio  receiving 
equipment.  Figure  depicts  the  receivers  according  to  superheterodyne 
circuit,  vhich  have  connon/general/total  heterodynes  and  tuned  by  one 
knob/stick. 

Page  429. 

The  output  voltagas  of  the  IF  amplifiers  of  receivers  are  fed  to  the 
deflector  plates  of  cathode-ray  tube  - the  indicator  of  baarings. 

Jn  radio  direction  finder  can  be  used  goniometric  antenna  system 
from  n of  the  spaced  antennas.  Then  receivers  are  connected  to  by 
antenna  to  the  system  through  the  coordinate  transformer  (goniometer 
vith  two  mutually  perpendicular  search  coils). 
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iQ  correct  work  with  the  antenna  of  the  systen  of  voltage  on  the 

inputs  of  receivers,  they  will  be 

p,,  ~ Epa  cos  0 sin  <0/ — cos  6 sin  W, 

<*,0  E/>8  sin  0 sin  m/  = £,„  sin  0 sin  »/, 

where  S is  strength  of  the  field  of  the  oriented  radio  station;  Pn  — 
is  effectiveness  by  the  antenna  of  systea. 

Let  us  dasigoate  by  kj  the  factors  of  aaplif ication  of  the 
receivers: 

and  /c,  == 

where  kj,  k2  are  lodule/aoduli  of  aaplification  factors; 

*■  the  phase  shifts  of  the  voltages  in  the  circuits  of 

receivers. 

The  output  voltage  of  the  first  receiver  en,  usuallf  called 
uptake,  is  connected  to  the  vertical  deflector  plates  of  cathode-ray 
tube,  noreover 

<?,,  = cos  I)  sin  — «p,), 

where  (»np  — Ls  an  iaternediate  frequency  of  receivers. 


ih 
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Fig.  8.9.  BlocA  diagcAP  of  tvo*chaan«l  radio  direction  finder. 


Key:  i1) . Uptake.  (2).  heterodyne.  (3).  Tangential  channel. 


Page  430. 


The  output  voltage  of  the  second  receiver  e*!,  calls!  horizontal 
channel*  is  connected  to  the  horizontal  plates  of  tube  and 

“ ^j£'m  sin  Osin  — • ?,). 

iet  in  the  ileal  case  the  receivers  be  absolutely  identical* 
i.e.*  ki  = ka  * k^  and  ♦»  = A*  = *o,  and  the  sensitivity  of  tube  by 
vertical  and  horizontal  plates  is  differing  and  egual  to  k.  Then  the 
trajectory  of  the  notion  of  electron  beaa  along  tube  face  sill  be 
straight  line*  inclined  relative  to  the  axis  of  syametry  in  vertical 
plates  to  the  angle*  deter alned  fron  the  expression 

= tg  fj , a 0.  (8.10) 

Placing  on  the  tube  a scale  vith  divisions  0-360^  so  that  divisions  0 
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and  ISC'*  dill  hit  to  the  axis  of  the  synaetty  of  tube,  passing 
through  vertical  plates,  on  the  glowing  strip  on  screen,  it  is 
possible  to  count  off  two-place  radio  beating.  (l*«thods  of 
deternining  the  side  will  be  presented  lowor) . The  length  of  the 
glowing  strip  is  proportional  to  the  strength  of  the  field  of  the 
oriented  radio  station. 

The  dissiail arity  of  the  aodule/aoduli  of  the  factors  of 
anplification  of  receivers  and  the  appearance  of  a phase  difference 
of  the  output  voltages  of  receivers  in  two-channel  receiving 
indicator  affects  so,  as  dissinilarity  of  effective  height  and  the 
presence  of  a phase  difference  is  such  of  the  fraaeworh  of 
gonioaetric  systea  (see  § 4.6), 


Let  the  aodule/noduli  of  the  factors  of  aaplificatioa  of 
receivers  be  egual,  i.e. , kz/^t  = a / 1,  but  a phase  difference  is 
absent.  Then  the  iuage  of  bearing  on  the  screen  of  cathode-ray  tube 
is  obtained  in  the  form  of  the  line  the  angle  of  locution  of  which 
differs  fcom  azieuth  by  radio  station  by  the  value,  datarainod  by 
formula  (4.16) 

<1  — I , , 

-‘*  +J 

»>  ' a — I 

)-„-^-,cns2e 

Page  431. 
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The  saxiKua  valua  of  error  A i Mane  is  detersined  fron  expression 


(4.18)  : 


The  direction  0,MnHc.  ^7  nhich  the  error  has  aaxinua  Talaa  is 

deterninel  froa  the  expression 

c “ 3*'C  COS  , 

For  values  a«  close  to  1«  the  error  has  quadratic  character,  moreover 

Aj  ~ "-^1  sill  20  (rt  — 1)  sin  20  AjMiiito  ~ ”'2  * 

Ourinq  the  considerable  deflection  of  a froa  1 quadratic  law  is 

disrupted.  Froa  (4.18)  it  follows  so  that  the  error  would  be  not  more 
than  0.50,  is  admissible  a difference  in  the  aaplification  of 
receivers  not  mors  than  approxiaately  2o/o. 


Let  the  moduIe/Boduli  of  the  factors  of  anplif icatioo  of 
receivers  be  identical,  but  the  output  voltages  of  receivers  are 
distinguished  by  the  phase: 

cos  0 sill 

sin  0 sin  (»„,,/  — -f), 

where  = 

# - a phase  difference  between  the  output  voltages  of  receivers. 

In  this  case  on  tube  face,  is  obtained  the  ellipse  (Fig. 
8.10)whosa  equation  in  polar  coordinates  has  an  expression  (111.2). 
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The  angle  of  the  slope  of  the  tcansvecse  of  the  relatively  vertical 
axis  of  tube  is  detetained  by  foraula  <4.9} 


^8^  2an„„  = tg  20  cos  f. 


Page  432. 


If  bearing  is  is  counted  off  along  the  tcansvecse  ttten  is 
obtained  the  errac  A2  - a ~ 9 which  is  designed  from  formula  (4.20) 


tfi’ sin  lO 
1 — cos  46 


(8.1 1)^1 


For  saall  the  value  of  eccoc  can  be  deternlned  by  the  formula 


I lg»  Y sill  40 


1 — tg’  ,y  COS  46 


The  maximum  error  ^makc  and  the  angle  o,k 
this  occor,  are  daterained  by  the  fornulas 

I A . I I - COS  If 


which  corresponds  to 


i-^arc  cos 


The  ratio  of  the  linor  axis  of  ellipse  to  large  has  expression  (4.21) 

- ’ — V > n^O’slTi^ 

I Ki  2rsi)7r2ft7i^  • 

At  low  value  ♦,  counting  |/coF9=l,  obtain 


— J?isiii40,  lA,„a„o|=^l<p«tad  for  0 = 22,5°, 


(4)....  -I 


rad  for  0^45°. 
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With  saall  a the  error  is  octant,  with  an  increase  A is 
developed  bioctant  coaponent  (law  sin  8®) • 

Ror  obtaining  accuracy  of  reading  of  approxiaately  1®,  is 
peraisslble  a phase  difference  of  output  voltages  not  aore  than  20° 
(in  this  case  A/B  ftg  1/6), 

Page  433. 

When  * = 90°  equation  of  ellipse  (III,2)  is  converted  into 
canonical: 

In  this  case  with  any  8 the  axes  of  ellipse  coitioide  with  the 
coordinate  axes  and  direction  finding  is  iapossible, 

It  should  1)5  noted  that  with  the  reading  of  bearing  on  ellipse 
increases  the  subjective  error  of  reading.  It  can  be  deccaased  (but 
it  is  not  reaoved)  by  the  application/use  of  the  movable  sight  whose 
line  operator  attaapts  to  establish/install  so  that  it  had  been 
seeelngly  principal  axis  of  ellipse. 

The  effect  of  joint  action  of  the  dissiailarity  of  the 
aaplif ication  of  receivers  and  presence  of  a phase  difference  of  the 
output  voltages  will  be  the  saae  as  in  case  exasined  earlier  general 
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of  the  dissiailarity  of  the  resistor/cesistance  of  the  fcaaewock  iti 
value  and  on  phase  (§4.6). 


3he  conclusieu/derivations,  obtained  into  §4.6  in  the 


exaaination  of  the  coauunication/connection  between  the  fcaaework  and 
the  field  coils  of  gonioaetec  in  gonioaetcic  systea  of  two  fcaaework, 
ace  used  to  two-channel  receiving  indicator. 
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Visual  selectivity. 


Two-chanuel  ceception  indicatoc  devices  vith  cathode" ray  tube  as 
indicator,  under  the  condition  of  the  linearity  of  processes  in 
receiving  circuits,  possess  the  iaportant  property  vhich  calls  visual 
selectivity.  The  sssence  of  this  property  consists  in  the  following. 
With  the  incidenca/iapingeeeut  of  two  signals  with  fcegueicies  of  fj 
and  fg  into  the  passband  of  receivers,  is  feasible  the  reading  of 
bearings  to  both  radio  stations  in  their  siaultaneous  work,  if  the 
strength  of  the  field  of  signals  is  such,  that  they  give 
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coioeasurable  traces.  Let  us  examiae  first  the  physical  processes, 
which  occur  on  scope.  Let  us  designate  £,  - £2  « Al. 

Under  the  effect  only  of  first  variation  of  frequency  f^  and 
under  the  condition  of  the  identity  of  channels  for  anplification  and 
phase  blurs,  of  bearing  on  screen  will  be  in  the  fora  of  straight 
line  ab  (Pig.  8.11a).  Action  only  of  signal  with  a frequency  of  ig 
gives  the  bearing,  deterained  by  direct/straight  CD.  During  the 
coBbined  action  of  signals  with  frequencies  of  and  £2  which 
store/add  up  according  to  the  principle  of  superposition,  electron 
bean  describes  complex  trajectory.  The  addition  of  trajectories  with 
different  frequencies  can  be  replaced  with  the  addition  of 
eguifrequent  trajectories,  which  have  the  phase  difference,  which  is 
changed  in  time  from  0 to  360^  with  period  1/Af. 

If  a phase  difference  of  voltage  with  frequencies  of  fj  and  fg 
changes  not  continuously,  but  irregularly  after  each  At  = 1/fi  s on 
(360«A£/f})«  then  for  the  discrete  interval  of  time  At  on  screen  are 
drawn  ellipses  with  different  by  the  relation  of  semi-axes  and  by 
or ientation. 

If  a phase  difference  is  equal  to  0 or  160®,  the  resulting 

MM 

trajectory  will  be  in  the  form  of  line  Mm  or  PL.  During  a change  in 
the  phase  difference  from  0 to  90®  and  from  180  to  270®  ellipticity 
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incceases,  Mhile  during  a change  in  the  phase  differenca  fron  90  to 
180°  and  froa  270®  to  360°  - it  decreases.  Sinultaneously  with  a 
chaugei  in  the  for*  of  ellipse  during  a change  in  the  phase  difference 
is  changed  the  orientation  of  its  aajor  axis  fcoa  position  of  Mn  to 
PL  and  conversely. 

During  the  period  of  the  beatings  of  the  fceguencies  of  the 
radio  stations  1/Af,  i.e. « for  tine  of  a change  in  the  phase 
difference  fron  0 to  360°«  occurs  the  coaplete  cycle  of  the 
transfocns  of  inajes  on  screen  (into  one  and  another  side) , 


Fig.  8.11.  laage  of  beacings  of  two  cadio  stations:  a)  geaecal  view 
of  parallelogcan  and  beacings  of  ficst  and  second  radio  stations;  b) 
exenplacy/appcoxiaate  focn  of  trajectory  of  ray/beaa  and 
fornation/education  of  para  lie  logran  for  tine  c) 

pacalielog rao  of  bearings  on  screen  of  cathode-cay  tube. 
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Page  436. 

The  ei^relope  of  all  motions  of  electron  beam  along  screen  forms  the 
parallelogram  whose  sides  are  parallel  to  lines  of  bearing  on  radio 
station  with  freguencies  of  ft  and  fg,  and  diagonals  are  lines  Mn  and 
PL. 


Since  in  actuality  a phase  difference  changes  continaously  in 
tiae«  the  trajectory  of  ray/beam  will  be  continuously  sowed  spiral 
whoso  component/link  is  formed  during  the  period  of  freguency  Af  and 
it  takes  the  fori  of  ellipse  with  the  continuously  changing 
parameters  (orientation  and  the  relationship/ratio  of  axes).  The 
exemplary/approxiaate  form  of  trajectory  for  time  of  a change  in  the 
phases  from  0 to  180®  is  shown  in  Fig.  8.11b.  The  number  of  drawn 
ellipses  in  parallelogram  is  usually  great. 

For  example  for  Af  = 1 kHz  and  fj  = 50  kHz  the  nuabsr  of 
ellipses  will  be  ft/Af  = 50„  Therefore  separate  ellipses  are 
imperceptible,  on  screen  is  obtained  the  lit  parallelogram. 

Analytical  solution  to  problem  and  obtaining  the  equations  of 
the  enveloping  component/links  of  spiral  for  the  target/pu rpose  of 
simplification  ara  carried  out  for  the  case  when  bearing  of  one  of 
the  two  radio  stations  is  0-180®  or  90-270®. 
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Let  into  the  passband  of  receiving  channels  fall  the  signals  of 
tMO  radio  stations  in  the  form  of  sustained  oscillations  with 
freguencies  ani  ug.  The  bearing  of  the  first  radio  station  6i  and 
bean  deflection  on  tube  face  along  the  axes  OX  aad  OX  they  will  be 

W.  = • 

Here  ■=  sin  0,;  ^ k<y,„,  cosO,;  It  - factor  of  proportionality 

(sensitivity  of  tube). 

The  bearing  of  the  second  radio  station  is  taken  equal  to  0 
~ 0) g and  the  beaa  deflection  under  the  effect  of  the  output 

voltages,  caused  by  the  signal  of  the  second  radio  station, 

Ar,  = 0, 

where 


Page  437, 

The  cosbined  action  of  the  voltages  of  the  signals  of  the  first 
and  second  radio  stations  will  lead  to  the  resulting  bean  deflections 
along  the  axes 

•t‘  = ,v,  + .v,-=:{/^,sin «),/. 
y — + '/j  — sin  ro,/  -j-f/yjsinos)'. 
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Let  us  designate  uj|  * convert  8»13)  and  (8.14).  The 

equation  of  notion  of  electron  bean  vill  be 

ui,  , u'L 


if  J-  .v>  I + L^“  4-  2 -'4^  cos  Ao./ ) — 
^ 'f'x.  u'-  ’ 


:0. 


— S.v.'/f  Iv'- 4- cos  Ato/ ^ — L/'  sin*  A'o^  = 

After  substituting  values  U^^  and  ee  nill  obtain 


fr'‘ 


+ I ctg*  0.  + 2;;.^^  cos  AWU 


(^‘^'  ®'  + /4,!'sin  9. "in*  Ao.y 


0. 

(S.ir,) 


The  obtained  equation  is  the  equatloat-  of  the  spiral,  in  which 
continuouslf  change  the  forn  of  conponent/links  and  their 
orientation.  The  fora  of  conponent/links  is  very  close  to  elliptical 
the  frequency  of  a change  in  forn  and  orientation  of  component/links 
is  equal  to  Aw.  For  deteraining  the  enveloping  coapowent/l inks  of 
spiral,  one  should  solve  together  two  systens  of  equations  [1.17]: 

l,(.v,  4W)  = 0 (S.Hi) 

•'■to. 

Solution  for  (0.16)  takes  the  fore 

|/  = A-ctg5,  (8 

Page  438. 


This  equation  of  two  sides  of  parallelogr as,  parallel  the  lines  of 
bearing  of  the  first  radio  station.  Solution  to  equations  (8.17) 
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This  equation  of  two  direct/stcaight,  parallel  axis  of  the  ordinates, 
vhich  forK  other  tvo  sides  of  parallelogram  [Qg  =0). 

As  already  mantioned  earlier,  the  aininum  tine,  necessary  for 

the  formatioa/sducation  of  the  parallelogram  of  visual  selectivity, 

j / o.r. 

comprises  'Bin  — -^j  - It  should  be  noted  that  the  relationship/ratio  of 
the  strengths  of  the  fields  of  radio  stations  for  time  of  the 
fornation/education  of  parallelogram  oust  not  change.  Otherwise,  for 
example  with  fadings,  is  impeded  the  use  of  visual  selectivity. 

Practice  shows  that  minimum  value  Af  = f^  - fi  with  which  to 
'Ufficient  easily  it  is  possible  count  off  bearings  on  parallelogram 
on  tube  face  without  afterglow,  it  is  approximately  10  ti£. 

For  the  reading  of  bearings  on  parallelogram  in  parallel  to  the 
fundamental  line  of  sight  to  the  right  and  to  the  left  of  it  they 
will  deposit  even  on  several  lines.  With  direction  finding  are 
combined  these  lines  with  the  sides  of  parallelogram,  taking  a 
reading  on  fundamental  line. 

The  parallelogram  of  the  bearings  of  two  radio  stations  is  shown 


in  Fig.  8..  11  c. 
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In  the  case  af  the  incidence/iapingenent  into  the  passband  of 
sensing  transducers  of  three  radio  stations  on  screen*  is  observed 
the  parallelepiped,  froa  the  sides  cf  faces  of  which  also  are 
detecnined  the  bearings  to  all  three  radio  stations  (Fig.  8.12). 

Visual  selectivity  is  possible  with  cue  nodulated  in  signal 
amplitude,  but  in  this  case  the  sides  of  parallelograa  ara  somewhat 
ace  diffuse  and  the  subjective  errors  of  reading  grow/rise. 

The  directioa  finding  simultaneously  of  working  radio  stations 
substantially  is  facilitated,  if  their  signals  telegraph  and 
manipulated  in  amplitude,  since  on  the  screen  of  cathode-ray  tube 
siiultaneously  with  parallelograa  (in  the  case  of  two  radio  stations) 
or  parallelepiped  (in  the  case  of  three  radio  stations)  are  visible 
the  images  of  the  bearings  of  Individual  radio  stations,  which 
correspond  thereby  to  the  tocgue/aoaents  of  the  time  when  emits  one 
of  the  radio  stations. 

Page  439. 


Beguirements  for  receiving  channels 
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The  specific  character  of  the  work  of  each  channel  of 
two-channel  receiving  indicator  is  first  of  aJll  deterained  by  the 
facts  that  depending  on  the  aslau^th  of  signal  aaplitude  at  the  inputs 
of  channels  they  vary  fron  0 to  Em- 

Conseguently,  both  channels  oust  have  strictly  linear  amplitude 
characteristic  within  the  limits  of  entire  possible  amplitude  range 
of  signal.  Limitations  on  linearity  begin  first  of  all  for  naxiaum 
amplitudes,  sinca  can  occur  the  overloading  of  final  stages  of  one  of 
the  channels. 


Mllll-jAilii  : .i  4 fiii  r .iduil 
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Output  beyond  thd  Halts  of  the  linear  section  of  aaplitude 
characteristic  of  one  of  the  channels  is  equivalent  to  a.  ohange  in 
the  factor  of  anplif ication  of  this  channel,  which  is  led  to  the 
errors  of  direction  finding#  deternined  by  tornula  (4,16). 

Is  feasible  the  case  when  the  overloading  of  sone  cascade/stages 
of  channel  occurs  under  the  effect  of  the  sufficiently  powerful 
enissicn/radiation  of  radio  station#  adjacent  in  frequanoy  to  that 
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which  is  oriented  and  sonetiaes  even  not  giving  display,  let  us 
exaniae  this  case  for  amplifier  and  transfornative  cas:;ai3/stages. 
The  Bodule/Boduli  of  the  factors  of  aaplif ication  of  receiving 
channels  in  general  fora^can  be  presented  as 

(8.a0) 


/a| 

n 


(8,21) 


1=1 

whwe  Pi—  is  the  paraaetar,  deternined  by  the  type  of  the  resonance 
systenSf  used  in  receiving  channel; 


•S,'~  the  slape/transconductance  of  the  anode-grid 
characteristic  of  tube; 


y?»i— the  resonance  resistor/resista ace  of  the  i cassade/stage; 


n the  number  of  cascade/stages  in  channel. 


If  one  assuaes  that  as  a result  of  applying  the  different 
aethods  of  the  stabilixation  of  the  paraaeters  the  corresponding 

n n 

values  ri/^ii^iii  and  are  sade  identicalr  then 

1=1  1=1 


Let  us  assuaa  that  for  the  assigned  level  of  useful  signal  by 


the  adjustaent  of  the  slope/transconductance  of  the  tubes  of  channels 
it  is  obtained  by  a ^ 1 and  the  aaplification  of  signal  ii  channels 


.iliiJii,  ii'uHu!. 
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occurs  on  the  linaac  section  of  anplitude  characteristic.  Let  on  the 
grid  of  t)|e  cascade/stage  of  resonant  aaplif ication  opacate  the 
signal.  sin and  interference  ttn-=t/mn sin oV.  aoreover  in  the 

presence  only  of  signal  aspllfler  sorits  without  overloadiags. 

Page  441. 

Let  us  exatniae  the  case  when  disturbing  voltage  [J..,,,  is 
considerably  greater  than  signal  Umc,  but  in  the  region  of  grid 
currents,  still  it  does  not  go.  Interference  effect  especially  is 
st^rong  in  the  first  cascade/stages  of  receiver,  since  in  the 
subsequent  cascada/stages  interference  is  attenuate/weakened  as  a 
result  of  selectivity.  Let  us  examine  therefore  only  first 
cascade/stages.  The  presence  in  the  first  cascade/stages  of 
disturbing  voltage,  which  envelopes  into  the  region  of  grid  currents, 
is  highly  improbable. 

The  presence  of  interference  changes  the  slope/tra):<5conductance 
of  tube  for  the  fundamental  harmonic  of  anode  current  with  Si  on 
[1.1,  p.9.  71]:  S,  = S+ij.tl.  + 4sX.  + --- 

S,„,  = 5 + 1 SX.  + T + 1®  i'X.  + 

* 32  ft®  ' * 

where  Si  is  slope/transconductance  of  the  tube  for  1 of  the  harmonic 
of  anode  current  under  the  effect  only  of  signal; 
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■^i(n)*-th»  s&ic  UDder  the  effect  of  signal  and  interferences. 


After  consiiaring  that  t/mo<t/.nn.and  after  being  restricted  by 
teens  of  expansions  with  degrees  it  is  not  higher  than  the  second 
ahd  S*"'v  it  is  possible  to  obtain 


1 I C**'' 

^ J.  ^ mJ  r J_  * , t2  ;,2 

^ 5i(n)  , , 4 i mn^32  5 ^mtymn 

ir='  + 

‘ + 8 i «ic 


(8.22) 


further  sinplification  in  expression  iB*22)  we  will  obtainir 
taking  Into  account  that  S**»VS  is  very  snail  for  the  majority  of 

0 ^ n* 

tubes*  a Then  fornula  for  will  be 


1+8, 


Being  given  the  pernissible  error  of  direction  finding  iron 
overloading  by  Interference  Anon  and  after  deternining  the  allowed 
value  we  will  obtain 


i^mnjion^2  ]^8aon^ 


(8.23) 


Page  442. 


For  the  case  of  signal  in  the  form  of  sustained  oscillations  and 
Interferences  in  the  form  of  the  nodulated  by  tone  oscillation  with  a 
nodulation  factor  of  M,  it  is  possible  to  obtain 

,<2|]/f+^.4- • (^-24) 


U' 


(M) 


2m  A" 
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in  the  case  of  the  overloading  of  the'  nixer  of  ioeguality  (8.23) 
and  (8.24)  they  will  be  valid  also,  if  we  instead  of  S and  S**  take 
conversion  conductance  <s„p  and  its  second  derivative  'S"nr- 

In  such  a way  as  to  at  ten uat e/weaken  the  effect  of  overloading 
by  interference  on  the  accuracy  of  direction  finding,  it  is  necessary 
to  select  operating  region  on  the  characteristic  of  the  tube  of 
aaplifier  U — in  area  of  low  values  S**/S  and  this 
node/coaditions  of  transforn  so  that  will  be  nininun. 

The  incorrect  distribution  of  anplif icatlon  and  selectivity 
according  to  receiving  circuit,  for  exaaple  when  passband  sharply 
becones  narrow  in  the  output  stages,  and  the  connon/general/total 
factor  of  anplif ication  of  the  preceding/previous  cascade/stages  is 
already  sufficiently  great,  it  can  lead  to  the  overloading  of 
terainal  and  penuitinate  cascade/stages  by  the  very  powerful 
interference,  considerably  detuned  in  frequency  relative  to  signal. 

As  a result  of  the  weakening  of  interference  by  the  resonance 
systens  of  the  output  stages,  which  stand  after  the  overloaded 
cascade/stage,  it  is  that  conaensurable  with  the  mark  of  the  bearing 
of  signal  saaller  than  its  or  in  no  way  visible  on  sccaen  cathode*-ray 
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tube.  This  will  nat  allow  opecatoc  to  note  the  action  of 
interference,  and  the  direction  finding  of  signal  will  be  produced 
with  error. 

Therefore  during  the  design  of  two^channel  receiving  indicators, 
it  is  necessary  to  approach  as  far  as  possible  to  draw  nearer  the 
network  eleaents,  which  deternine  the  selectivity  of  receiving 
circuit,  the  input  of  channel,  and  the  cascade/stages,  which 
deteroine  the  overall  gain  of  channel,  to  arrange  after  then. 

For  obtaining  intensities  of  channels,  it  is  necessary  to  have 
identical  component  values  and  tubes  in  channels. 

Page  443. 

To  ensure  the  maintenance  of  the  eguality  of  the  parareters  of 
the  corresponding  resonance  circuits  of  channels  is  especially 
difficult  in  the  circuits  of  hf  amplification  with  their  retuning. 

The  errors,  caused  by  the  nonidentity  of  channels  in  high  frequency, 
are  unavoidable  during  a change  in  the  tuning,  since  it  is  not 
possible  to  make  a precise  coupling  of  ducts.  However,  these  errors 
can  be  made  sufficiently  small,  since  the  passbands  of  high-frequency 
circuits  are  comparatively  great.  After  using  special  adjustments,  it 
is  possible  even  more  to  decrease  then  Requiraaents  for  the 
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identity  of  the  pacaneters  of  the  resonance  circuits  of  the 
naccor-band  circuits  of  internediate  frequency  are  higher,  but  they 
are  here  facilitated  by  the  facts  that  the  circuits  are  not 
reconstructed  in  frequency 


FOOTNOTE  *.  Investigation  of  the  effect  of  the  inequality  of  the 

paraaeters  of  the  resonance  circuits  of  channels  during 
application/use  iu  the  cascade/stages  of  single  resonant  circuits  is 
given  in  [1.6,  1.9].  ENOPOOTMOTE. 


Electron  tubas  have  spread  along  the  slope/transconluctance  of 
the  aqode<-grid  characteristics  of  order  ±i0^20o/o  on  linear  section 
and  even  larger  spreads  on  curvilinear  sections. 

let  us  exaalae  the  question  concerning  equalization  and  gain 
control  of  channels  by  changing  the  grid  bias  voltages  of  tubes. 

By  the  adjustaent  of  bias  voltage  and  by  the  tuning  of  ducts 
iqto  one  of  the  channels  it  is  possible  to  attain  the  equality  of 
aaplif ication  factors  in  any  operating  aode.  The  identity  of  channels 
is  chocked  using  the  bearing  of  the  pilot  signal  which  is  connected 
to  the  inputs  of  channels  with  identical  anplitude  and  phase. 
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rn  the  equality  of  the  factocs  of  aiplification  of  chanuels  in 
aaplltude  and  phase  in  scope,  is  obserred  the  line  at  an  angle  of 
to  axis  0-180®. 

aoweTer*  due  to  the  duration  of  opecations  on  neasucanent  and 
equalization  of  the  aapLification  of  channels,  occurs  the  loss  of  the 
speed  of  the  taking  of  bearing  - the  fundamental  property,  which 
characterizes  two-channel  radio  direction  finder. 


and 


Tubes  have  the  considerable  spread  of  the  dependences 

^ofim  1 *^1  i'^2 1 ’ " • ••  *^/i  1 ~ /i  l^cw) 


where  n - a quantity  of  tubes  in  channel; 


^cM—  the  bias  voltage,  coamon/general/total  for  all 
cascade/stages. 


Page  444. 

If  we  consider  that  the  parameters  of  the  resonance  systems  of 
channels  are  identical,  the  control  characteristics  of  the 
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aapllflcation  ot  chaaaAls  can  be  presented  in  the  fora 

c m)  = Ji  (^/om). 

Mkece 


The  exepplacy/appcoxinate  course  of  characteristics  for  a 
two-channel  receiving  Indicator  is  shown  in  Pig..  8.13. 

The  atteopts  to  carry  out  a gain  control  of  channels  by  one 
control  with  the  preservation/retention/eaintalning  of  the 
satisfactory  identity  of  channels  are  lei  to  very  complex  and 
unreliable  circuits  [8.16].  In  this  casor  renanent/residus  1 
nonidentity  gives  errors  to  ±2®,  ageing  and  the  exchange  of  tubes 
they  require  conplex  original  alignments,  hut  the  dynaaic  range  of 
control  will  be  siall. 

For  the  fulfillaent  of  the  autowatic  flare  function  of  the 
awplification  of  channels  with  the  possibility  of  gain  control  one  by 
kq^/stick,  is  applied  the  system  in  which  is  utilized  special 
control  signal. 
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FI9.  8.13.  Control  characteristics  of  aapliiication  of  channels. 


Page  445. 

Control  signal  can  be  fora/shaped  in  receiving  indicator  itself 
or  be  foraed  from  the  oriented  signal;  and  in  that,  and  in  the  other 
case  it  aust  siauL taneously  be  connected  to  the  inputs  of  both 
channels.  During  the  passage  of  control  signal  along  razeiving 
channels,  occurs  the  equalization  of  their  aaplification  factor^;-' 
Direction  finding  at  this  tine  is  inpossible;  therefore  for  the 
useful  Mork  of  direction  finder,  control  signal  nust  be  pulse  with 
sufficiently  large  porosity.  The  frequency  of  filling  of  the  radio 
pulse  of  control  signal  always  oust  correspond  to  the  resonance 
frequency  of  the  tuning  of  receiving  indicator. 


Let  us  examine  one  of  the  principles  of  the  f ormation/education 
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of  pulse  ::ontroI  signal  in  receiving  indicator  (Fig.  3. To  the 
mixer  of  the  control  signal  whose  tube  is  triggered  only  luring  the 
supplying  of  the  video  pulses,  which  determine  duration  and  the 
repetition  period  of  steering  impulses,  will  be  Ceed/conducted  the 
voltages  of  commoc/ganeral/total  for  two  channels  first  heterodyne 
with  fragusney  fr  and  special  heterodyne,  the  generating  fluctuation 
of  the  first  intermediate  freguency  fmt'- 

The  frequency  of  control  signal  /sc  at  the  output  of  the  mixer 
of  control  signal  is  agual  to 

fi  e~!r — /j  ii|)- 
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Pig.  8.14.  Circuit  of  foraation/edccatiOQ  of  pulse  coatroL  signal. 

Key:  <1).  Vertical  channel.  (2).  Heterodyne.  (3).  Sn  of  signal 
control.  (4).  signal.  Control  of  pulses.  (,5).  Triggering  of 
videopulses.  (6).  Horizontal  channel. 


DOC  « 77223222 


PAGB 


P«g«  446. 

With  the  recaption  of  signal  with  frequency  /« , and  heterodyne 
with  upper  tuning  (/r>/c)  in  the  lixers  of  channels  is  obtained 

the  frequency 

/lnp""/r — fc- 

Then 

fyc“/c’ 

Thus,  the  frequency  of  high-frequency  filling  of  the 
■onentUB/iapulse/pulses  of  control  signal,  changing  with  the  retuning 
of  receiving  indicator,  always  it  remains  to  the  equal  resonance 
frequency  of  chanael  checkup.  The  momenta m/impulse/pulses  of  control 
signal  are  fed  to  the  inputs  of  channels. 

If  in 

this  case  the  orianted  signal  is  not  disconnected  from  input  circuits 
of  channels,  then  so  that  it  would  not  affect  adjustmaat,  control 
signal  must  be  several  times  the  more  than  received  signal. 
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Equalization  oE  tae  module/noduli  of  the  factors  of  anpllf ication  o£ 
channels. 


If  kj  ^ ks,  the  voltages  of  control  signal  on  the  oatputs  of 
channels  will  be  also  different.  This  difference  can  be  utilized  for 
the  equalization  af  the  amplification  of  channels.  The  simplest 
circuit  of  the  equalization  of  amplification  of  one  of  the  channels 
is  dt^picted  on  Fig.  8.15.  This  is  circuit  AGC  with  delay.  The  peak 
detector  of  circuit  works  only  during  the  supplying  of  the  triggering 
video  pulses,  synchronized  with  the  momen tum/impulse/puLses  of 
co.ntrol  signal.  Duration  and  the  repetition  period  of  trigger  pulses 
are  equal  to  duration  (ty)  and  to  repetition  period  (Ty) 
control  signal.  In  time  intervals  Ty— ty,  when  is  conducted 
direction  finding,  detector  is  closed. 
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Fig.  8.15.  circuit  of  the  equalization  of  the  amplificatian  of 
channel. 


Key:  (1).  Adjustable  cascade/stages.  (2),  The  output  stage.  (3). 
Filter.  (’4).  Detector.  (5).  Trigger  pulses. 


Page  447. 

The  controlling  vraltage  - (/c.  that  is  obtained  from  detection  of 
control  signal,  is  fed  through  filter  FC  to  control  electrodes  of  the 
adjustable  cascada/sta ges.  The  selection  of  the  characteristics  of 
the  detectors,  working  it  is  s-.parate  in  each  channel,  it  makes  it 
possible  to  obtain  a good  leveling  of  factors  of  amplification  of 
channelr.  By  the  selection  of  the  sufficiently  slow  response  of  the 
discharge  of  filter  RC  (tp)  they  attain  ;io  that  the 
achin vpd/reachad  identity  would  not  be  disrupted  in  time  intervals 
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p/o 

between  moraentum/itn pulse/pulses  when  is  conducted  direction  finding. 

If  the  time  constant  of  the  discharge  of  capacitance^ capacity  C 
of  filter  does  not  satisfy  condition  >7'^— voltage  on 

capacitance/capacity  c can  considerably  decrease  for  tlae  of  the 
interval/gap  between  steering  inpulses  and  the  aep^ if ication  of 
channels  toward  the  end  of  each  period  will  increase.  As  a result 

of  the  possible  nancoincidence  of  the  control  charactacist ics  outside 
operating  point,  can  change  relation  a = Jci/kj  for  tiae  Ty  — Ty, 
and  this  will  lead  to  bearing  error  (Fig.  8.16). 
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Fig.  8.16,  Onaat  jf  bearing  errors  with  the  noncoincidenoe  of  control 
characterist ics. 

Key:  (1).  Discharge  of  capacitanco/capacity  C, 


Page  unQ. 

Since  each  subsegjient:  steering  iapuise  (with  is  sufficient  the  fast 
time  constant  of  the  charge  of  capacitance/capacity  c)  is  restored 
the  balance  of  amplification,  on  scope  with  insufficiant  xp  is 
observed  the  oscillation  of  line  of  bearing  with  fcegaency 
and  this  causes  fan-shaped  image  (Fig.  8.17).  If  simultaneously  is 
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Observed  the  ellipticity  of  figure-  or  interference,  the  reading  of 
bearing  becomes  impossible. 

Let  us  deteruine  the  minimally  permissible  value  Tp-RC  at 
the  assigned  magnitude  of  the  permissible  error  of  direction  finding, 
caused  by  the  discharge  of  capacitanco/capacit y C.  In  this  case,  let 
us  consider  that  the  control  characteristics  of  amplification 

and  Aj=/2(6'o)  ace  uniform  and  are  approximated  by  axponential 

dependence,  i.e.,  k = kue~'^'‘  vhere  a is  average  mutual  conductance 

of  control;  Uc  displacenent  on  control  electrodes  of  the 

adjustable  tubes;  k q is  an  initial  value  of  the  amplification  factor 
when  Uc  = 0. 

« 

He  take,  that  the  time  constants  of  the  discharge  of  the  filters 
of  each  channel  ace  equal  to  each  other  (t,,,  =Tt|,,  = t„  = /?C)  and  that 

toward  the  end  of  the  duration  of  each  steering  impulse  occurs  the 
absolute  equalization  of  channels  on  the  module/modulus  of  factor  of 
amplification,  i.e., 

(8,25; 

From  the  torjue/mowent  of  the  termination  of  the  action  of 
steering  impulse,  capacitors  C in  the  filters  of  channels,  charged  to 
potentials  Uc\  and  'Ue2  respectively,  in  time  Ty—ry  are 


discharged,  moreover 


(Pig.  8p16) 
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For  the  tacqae/moment  of  the  beginning  of  the  subsegjent 
steering  Impulse,  the  factors  of  amplification  of  channels  will 
change  differently  and  they  will  be  equal  to 


/fi  =A:j,-exp[— — -Vp~")]’  (^-26) 

= exp  [ - exp  ] . (8.27) 
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Fig.  8.17,  Image  Df  bearing  with  the  fast  time  constant  of  the 
circuit  of  the  egaalization  of  channels. 


Page  449. 

Let  us  find  the  relation  which  dater»ines  bearing  error  due 

to  the  appearance  of  a nonidentity  of  channels  according  to 
amplification  toward  the  end  of  each  period  fy  (i.e.  when  ( = Ty—‘ty). 

From  (8,26)  and  (8.27),  utilizing  (8.25),  it  is  possible  to 
determine 


fl|i 


(8.28) 


where 


From  (8,28)  it  follows  that  a„  depends  on  the  initial  imbalance  of 
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channels  Aq  (when  (/<.,  = (/ct— -0)-  with  Aq  = 1 errors  o£  iirection 
finding,  even  with  fast  time  constants  ti„  will  not  be,  if  control 
characteristic  is  exponential. 

Considering  that  l<ap<l,02  (error  of  direction  finding  is  not 
aore  than  0,5®),  jnd  1 ^ it  is  possible  to  record 

'p 


exp 


Ty  — tv 


(8.29) 


Utilizing  (8.29),  from  (8.28)  we  will  obtain 


For  example,  with  Aq  = 2,  7’>+Ty='20  ms  and  n,,=»l,02  (errors  of 

direction  finding  do  not  exceed  (0.5®)  the  allowed  value  of  the  time 
constant  of  tha  discharge  of  the  capacitance/capacity  of  filter  will 
be  determined 


1 


Control  of  amplification  during  the  use  of  a pulse  control  signal 
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A chinge  in  tho  value  of  control  signal  at  the  inputs  of 
channels  will  cause  the  appropriate  change  in  the  output  voltages  of 
control  signals,  which  in  turn,  through  the  circuit  of  the 
equalization  of  amplification  will  lead  to  a change  in  the  factors  of 
amplification  of  channels. 

Page  450. 

The  Level  of  control  signal  at  the  inputs  of  channels  changes 
with  the  adjustment  ot  bias  voltage  on  the  grid  of  the  tube  of  the 
mixer  of  control  signal. 

Thus  far  the  values  of  the  obtained  in  this  case  voltages  of 
control  Ut\  and  L/fj  do  not  exceed  the  limits  of  the  range  of 

control  (Af/c.  01  Fig.  8.16),  simultaneously  with  a change  in  the 

amplification  occurs  its  equalization.  Consequently,  the  lynamic 
range  of  gain  control  will  be  the  wider,  the  lesser  the  scatter  of 
control  characteristics. 

On  the  other  hand,  the  dynamic  range  of  the  control  of 
amplification  is  ietecmined  by  the  value  of  the  linear  saction  of 
function  l'n,,,T=/(i>r,).  where  and  voltage  on 
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entrance  and  exit  of  channel. 

The  level  o£  control  signal  can  be  regulated  both  by  hand  and  is 
automatically  (Fig.  8^10). 
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Fiq.  fl.l8.  Circuit  of  automatic  gain  control. 


Key:  (1).  Upta<e.  (2).  Circuit  of  amplification  balance.  (3).  Mixer 
control  of  signal.  (4).  Detector.  (5).  Aiding  circuit  an3  buffer 
aaplifier.  (6) . Tangential  channel. 


Page  451. 

The  voltages  of  the  oriented  signal  in  receiving  channels  depend 
on  the  value  of  baaring.  With  the  formation  of  voltage  for  the 
automatic  gain  control  this  dependence  must  be  exclude!!.  For  this, 
the  parts  of  output  voltages  of  channels  store/add  up  in  quadrature 
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(with  phase  displacement  to  90°,  usually  reali2ed  by  chain/networks 
RC). 


The  resulting  voltage,  equal  to 

0 + O’  sin-  8 = U,„ 

and  not  depending  on  S,  is  fed  to  detector  of  AGC.  Detector  of  AGC  is 

included  so  that  the  unidirectional  voltage  of  the  signal  of  positive 

polarity  decreases  the  initial  negative  displacement  on  the  grid  of 

the  mixer  of  the  control  signal  whose  level  in  this  case  increases. 

Thus,  AGC  and  the  equalization  of  the  amplification  of  channels  are 
«' 

combined. 

The  time  constant  of  circuit  of  AGC  is  determined  by  the  time 
constant  of  the  filter  of  the  equalization  of  amplification. 
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* Fig-  8,19-  Reasons  for  the  oscillation  of  bearings  with  is  tuning,  a) 
the  different  qualities  of  resonance  systems;  b)  the  mutual  detuning 
of  channels;  c)  the  mutual  detuning  of  channels  and  the  d’.fferent 
qualities  of  resonance  systems;  1 - resonance  curve  of  uptake;  2 - 
resonance  curve  of  tangential  channel- 


Page  U*52. 

It  is  necessary  to  keep  in  mind  that  in  system  with  the  pulse 
control  signal,  the  frequency  of  filling  of  which  is  equal  to  the 
resonance  freguenoy  of  the  tuning  of  receiving  indicator,  the 
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equali2ation  of  aaplif ic&tion  occurs  only  at  this  frequency. 
Thi^refoce*  if  the  resonance  characteristics  of  channels  io  not 
coincide  in  fora  friend  with  other  within  the  Units  of  passband, 
Anting  inprecise  tuning  to  signal*  can  arise  the  errors  of  direction 
finding,  caused  by  the  nonidentity  of  the  resonance  characteristics 

of  channels.  These  errors  are  developed  in  the  deviation  of  bearing 

\ 

fcon  true  with  detunings  receiving  indicator  (the  so-called 
oi^cillations  of  bearing) . Depending  on  the  reasons  for  the 
nonidentity  of  the  resonance  characteristics  (different  energy  factor 
of  ducts*  staggering)  of  oscillation*  they  can  have  symmetrical  and 
asynietric  character  with  detunings  to  both  sides  from  resonance 
(Pig,  8,19). 

So,  In  the  case  Fig.  8,19a  the  oscillation  of  bearing  they  occur 
to  one  side  from  the  image  of  the  true  bearing;  in  the  case  Fig. 
8.19b*  appear  syaaetrical  oscillations  to  both  sides;  in  the  case 
Pig,  8.19c*  occur  asymmetric  oscillations  to  both  sides. 


Equalization  of  the  phase  shifts  of  the  voltage  in  channels. 

The  phase  shifts  of  high-frequency  filling  of  steering  impulses, 
obtained  after  passage  by  thorn  receiving  channels,  are  utilized  for 
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equalization  within  cectain  limits  of  phase  characteristics  of 
channels. 

One  Df  the  passible  circuits  of  phase  compensation  it  is  shown 
to  Fi_g.  8,20.  The  steering  impulses  through  the  buffer  stages  enter 
the  phase  discriminator.  The  buffer  stages  are  open/disoljsed  by  the 
video  pulses,  synchronous  and  cophasal  with  managers,  dua  to  what  the 
circuit  of  phase  compensation  works  only  under  the  effect  of  steering 
impulses  and  does  not  react  to  the  oriented  signal.  Manufactured  by 
phase  discriminator  regulating  d irect/constant  voltages  (1/,,)  are 
fed  to  tha  circuit  of  control  of  the  phase  of  the  stress  of  the 
second  heterodyne,  common/y eneral/tota 1 for  two  channels.  This 
circuit  consists  of  two  phase-shifting  cascade/stages,  connected 
between  the  secoai  heterodyne  and  the  second  mixers  of  receiving 
channels. 


Page  453. 


Ad  is  known,  the  phase  of  the  voltage  of  intermediate  frequency 
is  determined  by  the  phase  of  the  voltage  of  signal  and  by  the  phase 
of  heterodyne  (friip  = /(Tc.  Tr))-  Under  the  affect  of  the  controlling 
voltage  of  phase  discriminator,  the  voltage  of  the  second  heterodyne 
in  the  phase-shifting  cascado/stage  acquires  the  phase  shift,  equal 
in  magnitude  to  the  phase  shift  of  governing  output  potential  of  this 
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channel  and  revecse/invorse  on  sign, 
output  voltages f they  are  equalized. 


As  a result  of  tha  paase  of 


The  presecvation/retention/aaintainlng  of  the  identity  of  the 
phases  into  time  intervals  fy— ty  is  assured  by  selection 

sufficient  slow  response  of  the  discharge  of  a R^-filter  in  the 
circuit  of  shaping  of  output  direct/constant  controlling  voltages  of 
phase  discri oinator. 

Besides  the  system  described  above  of  the  equalization  of 
channels  with  the  aid  of  control  signal,  are  applied  other  methods 
[8.3  ]. 
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Fig.  8.20.  CiccultB  of  phds«  conpensat ion . 

Key:  (1).  Uptake.  (2).  The  output  stage.  (3).  Phase-shifting 
cascade/stage.  (4).  The  buffer  stage.  (5).  filter-  (6).  haterodyne 
(7).  Phase  discriminator.  (8).  Trigger  pulses.  (9).  Taagantial 
channel. 


Page  454, 


It  is  possible  to  decrease  the  requirements  for  the  iiantity  of 
channels  with  respect  to  amplification  or  at  least  continaous  to 
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Bonitor  it,  without  applying  special  pilot  signal,  if  we  it  entrance 
and  exit  of  receiving  indicator  periodically  change  over  channels, 
changing  by  their  places  (Fig.  8.21)  (8.17],  in  this  direction  finder 
the  disturbance/breaXdown  of  the  identity  of  channels  on 
anplif ication  and  phase  will  lead  to  the  fact  that  on  scope  they  are 
formed  two  lattica-type  ellipses.  Correct  bearing  is  determined  from 
the  bisector  of  tie  angle  between  the  principal  axes  of  ellipses 
(Pig.  8.22).  During  the  equalization  of  amplification,  the  ellipses 
will  merge  into  one. 


Such  by  shap3,  in  this  system  is  feasible  the  correct  reading  of 
bearing  with  the  suff ici(?ntly  considerable  nonidentity  of  channels 
and  it  is  easy  to  note  the  disturbance/breakdown  of  identity.  But  the 
accuracy  of  reading  of  bearing  (on  bisector)  descends,  and  when 
interfptencfc  and  instability  of  the  figure  of  bearing  Is  present, 
reading  is  extremely  hinder/hampered.  The  minimum  frequency  of 
commutation  with  tube  without  afterglow  must  be  order  20  Sz, 


Obtaining  one-sided  bearing. 


The  two-channel  radio  direction  finder,  working  according  to 
these  circuits,  makes  it  possible  to  obtain  bearing  with 
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ittdeterminancy/uncertaint y into  180°,  For  the  elimination  of 
ambiguity,  it  is  possible  to  apply  different  circuits.  Isually  in 
majority  of  then,  is  utilized  the  superposition  principle  of  the 
nondicectional  reception  on  the  directional  cosinusoidal  reception. 
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Fig.  8.21.  Pig.  8.22. 

Fig.  8.21.  Block  diagram  of  two-channel  radio  direction  finder  with 
switching  of  channels. 


Key:  (1).  channel,  (2),  the  1st  heterodyne,  (3),  the  2nJ  heterodyne. 
(4).  input  switching.  (5).  output  switching. 

Fig.  8.22.  Image  of  bearing  with  the  nonegudlized  channels. 


Page  455. 

Most  convenient,  that  not  requiring  supplementary  operations  of 
operator,  but  also  most  complex  on  execution  is  the  three-channel 
circuit  of  direction  finder.  To  the  input  of  the  third  channel,  is 
connected  the  central  omnidirectional  antenna,  and  to  its  output  - 
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the  modulator  grid  of  brightness  or  the  focusing  grid  Df  cathode-ray 
tube  (Fig.  8.23), 

The  process  of  obtaining  the  single-valued  bearing  it  is  easy  to 
explain  by  diagraa/curves  Fig.  8.24.  On  diagram/curves  1 and  2,  are 
shown  the  voltages  of  vertical  and  tangential  channels.  The  relative 
phase  of  these  stresses  depending  on  the  direction  of  tha  arrival  of 
wave  can  change  by  180o. 

On  di agrani/ca rve  by  3 solid  lines  is  shown  the  voltage  of  the 
omnidirectional  antenna,  wattful  of  the  directional  antenna.  The 
phase  of  the  omnidirectional  antenna  does  not  change  with  a change  in 
the  bearing.  The  half-periods  of  the  worK  of  cathode-ray  tube  are 
shown  on  diagcam/curve  4. 


The  form  of  Line  of  bearing  during  control  by  the  modulator  of 
brightness  for  case  Fig.  8.24  is  shown  to  Fig.  8.25a.  With  the 
noncoincidence  of  the  phases  of  the  stresses  of  the  omnidirectional 
antenna  and  directed  system  (dotted  line  on  diagram/curve  3)  (Fig. 
8.24)  the  form  of  line  of  bearing  will  be  such,  as  on  Fig.  8,25b.  If 
a phase  differenca  reaches  90®,  bearing  will  be  two-place,  with  an 
increase  its  more  than  90®  determination  of  side  will  be  incorrect. 
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of  channels  alternately  are  connected  to  the  omnidirectional  antenna; 
the  output  of  that  channel  which  is  connected  to  it  at  given 
torque/motsent,  is  connected  to  the  modulator  of  the  brightness  of 
tube  (Fig.  8.26),  Second  channel  remains  at  this  torque/moment 
connected  to  its  deflector  plates.  Such  switchings  can  be  produced  by 
hand  or  after  include/connecting  the  special  switching 
eguipment/device  (in  the  simplest  execution  relay) . During  manual 
switching  it  is  necessary  to  be  guided  by  following.  If  bearing  is 
close  to  values  of  0-180°,  the  omnidirectional  antenna  is  connected 
to  the  tangential  channel  whose  output  voltage  will  be  feed/conducted 
in  this  case  to  the  modulator  of  brightness.  With  the  bearing,  close 
to  90-270^,  the  channels  arc  changed  by  places.  The  diagrams  oi  the 
voltages  in  channels  and  the  form  of  display  ate  shown  to  Fig.  8.27. 

If  at  the  diput  of  direction  finder  there  is  a goniometer,  it 
suffices  to  connect  to  nond iroctiona 1 antenna  and  modulator  grid  only 
one  of  the  channels,  since  in  this  case  the  voltage  of  the 
directional  antenna  is  aistributed  along  channels  by  goniJmeter.  All 
requirements  for  the  phase  relationship/ratios  of  the  voltages  of 
channels  during  the  determination  of  the  sides,  given  above,  are 
valid  also  for  this  circuit. 
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Fig.  8.24.  Process  of  obtaining  the  single-valued  bearing  in  circuit 
Fig.  8.2T. 

Key:  (1).  Uptake.  (2).  Upward,  (3).  Down.  (4),  Tangential  channel. 
<5).  fo  the  right.  (6).  Beam  deflection.  (7).  To  the  laft.  (8)  - 
Channel  of  the  determination  of  side.  (9).  Brightness  or  focusing. 
(10).  There  is.  (11).  No, 
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Fig.  8.26.  Patten  3f  the  determination  of  side  in  two-ohannel  PDF 


Key:  (1).  Uptatte.  (2).  Hoteiodyne.  (3).  Tangential  channel. 
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Fig.  8.27.  Diagrams  of  voltages  and  image  on  screen  of  CRT  for 
circuit  Fig.  8.26. 

Key:  (1).  Uptake,  bearing  are  close  to  0°.  (2).  Upward,  (3).  Down- 

(4),  Uptake,  bearing  are  close  to  180°.  (5).  Image  on  screen.  (6). 
Beam  deflection.  (7).  Upward.  (3).  Down.  (9).  Tangential  channel 
(brightness).  (10).  No,  (11).  There  is. 


8.4.  Single-channal  radio  direction  finders. 


The  difficulties  of  the  execution  of  two  identical  channels  of 
amplification  led  to  the  creation  of  single-channel  radio  direction 
finders.  According  to  operating  principle,  they  arc  two-channel,  on 
physical  channel  separation,  it  is  replaced  in  them  by  frequency  or 
time/temporary.  To  this  same  to  class  can  be  attributed  the  radio 
direction  finders  in  which  amplifier  circuits  are  united  partially, 
channel  separation  occurring  accoiiing  to  frequency  sign/criterior. . 
It  should  be  noted  that  tlip  association  of  amplifier  circuits  frees 
from  some  difficulties  and  the  sources  of  the  errors  which  arc 
observed  during  two-channel  amplification,  but  at  the  same  time 
complicates  circuit  (modulation  or  commutation,  etc.) , are  caused  th 
new  sources  of  errors.  The  majority  of  single-channel  RDF's  is 
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deprive<i  of  ons  of  the  fundamental  advantages  of  two-shannel  radio 
direction  finders  - visual  selectivity. 


Direction  finders  with  audio  modulation  (method  of  coaparison  of  the 
depth  of  modulation  of  the  taken  signal). 


The  Mock  diagram  of  direction  finder  is  depictel  on  Fig.  8. 2d. 
The  voltages  of  signal  Ui  and  Uj  will  be  f eed/conducted  to  two 
balanced  modulators  and  modulated  oy  the  voltages  of  two  frequencies 
Qi  and  0^  respectively.  The  output  voltages  of  the  balanced 


modulators  will  ba 


cos  0 sin  Cl,/  sin  »>/, 

, = (/„  si  n 0 si  n O,/  sin  lof 


After  addition  with  the  voltage  of  the  omnidirectional  antenna 


Wo  — t/fjittSin 


on  the  input  of  raceiving  indicator,  operates  the  voltaga 
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a = Wa  + - U,„  a 1 + COS  0 sin  Q.r  + 

sin  fi  sin  Q,<  j sin  mt 


“ = (I  +M,sinnjf4-AijSin£V]sin»^  (8.30) 


where  A\,  = cos  fl;  M,  = sin  0. 


Page  459, 


From  (8.30)  it  is  evident  that  at  the  input  of  receiving  indicator 
operates  the  voltage  of  carrier  frequency  u,  modulated  in  amplitude 
by  the  voltages  of  frequencies  Hi  and  with  the  modulation  factors 
Hi  and  Hz,  which  depend  on  the  azimuth  of  the  DP  radio  station. 


Such  by  shape,  the  information  about  bearing  in  this  direction 
finder  is  included  in  the  value  of  the  side  components  of  the 
modulated  by  two  tones  signal  and  their  mutual  cophasaLity  or 
pushpulls  (last/Latter  determines  the  quadrant  in  which  is  located 
the  single-valued  bearing)- 
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To  avoid  cross  modulation  in  this  circuit,  the  over aodula tion  is 
not  admitted  and  is  necessary  satisfaction  of  condition  Mj  ♦ Wa  < 1. 
It  is  obvious  that  for  this  it  is  necessary  to  satisfy  tha  condition 
since  the  maximum  value  of  sum  cos  © + sin  0 is  equal  to 

a y* 

VS-  ^ . . 

After  detection  the  variable  componant  of  signal  at  the  output 
of  receiver  takes  the  fora 

= nCosflsinfl,/-f-^^i«  AS'nOsinO,/.  (^.31) 
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Fig.  0.  28.  Block  diagran  of  dicection  finder  Mith  audis  ladulatiun. 


Key;  (1).  Tho  balaticod  modulator.  (2).  Generator-  (3).  Balance 
detector.  (4),  Intertuptor.  (5).  Phasing  circuit.  (6).  Receiver.  (7), 
CRT  bearing  indicator. 
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Voltage  (R.31)  is  fed  to  two  synchronous  balance  datectDCS  to  which  j 

are  conducted  reference  voltages  "oi  ~ 

During  the  phase  coiticiJonce  of  the  supirarting/tef erence  and  worker  ■; 

of  voltages  (or  with  their  pushpull)  the  output  voltages  of  balance 

'-1 

detectors  will  be 


U^  — U„,eCos<i,  (8.32)  ; 

f^,|-=^i/»r,osinO,  I 
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Dirort/consta nt  voltayes  (8.32)  are  utilized  for  tha  indication 
of  bearing  with  the  aid  of  dial  instrument  (magnitoelectcic 
logometer)  [0.12]. 

.Wi_th  the  supoly  .of  voltages  . (8. 32).  to  the  plates  of  sathode-cay 

tube  the  focus  will  be  deflected  from  center  and  its  angular  position 
will  give  radio  station  bearing.  More  convenient  indication  with  the 
aid  of  cathode-ray  tube  is  obtained,  if  we  include/ccnnect 
interrupters  (Fig.  ti.29),  converting  direct/constant  voltages  (8.32) 
in  saw-tooth. 
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I Fig.  8.29.  circuit  of  the  fora atiou/educa'':  ion  of  sa«-tooth  voltages. 


i Key:  (1).  Moraentun/irapulse/pulst  c-rmfrol  of  interrupter. 

i 

I 

f 

r 

I 

! Pa  ge  4 6 1 , 


I 

laage  on  the  screen  of  cathode-ray  tube  takes  in  this  case  the  form 
of  the  taiial  ray/beatn  on  which  is  counted  off  single-valued  heating. 


In  the  direction  finder  in  question  partially  is  retained  the 
separate  passage  of  the  voltages  of  two  directional  antenaas  along 
independent  channels.  Tn  this  part  of  the  circuit,  is  possible  the 
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onset  of  the  errors,  examined  into  § 8,3, 

The  work  of  the  balanced  aodulators  is  “xanined  in  § 8.1,  The 
obtained  there  canclusion/derivations  can  be  attributed  also  to  this 
circuit. 


The  amplification  of  side  frequencies  « ♦ and  w :fc  Qa  in 
conuno n/general/tot al  circuit  must  be  identical.  The  different  value 
of  amplification  factors  causes  the  errors,  analogous  to  the  errors 
of  two-channel  radio  direction  finder.  A difference  in  the  envelope 
phases  of  variations  of  frequencies  and  is  led  to  actors,  since 
balance  datector  converts  a phase  difference  into  a iiffacence  in  the 
amplitudes  of  output  voltages.  Actually,  if  phase  dispLacanents  of 
envelopes  of  relatively  reference  voltage  comprise  Atfwi  and  Acporj. 
then  the  output  voltages  of  balance  detectors  take  the  fora 

i/,  = t/n,oCOs6coS 
= U„,  c sin  Ocos  Af,r,. 

The  angle  of  deflection  of  ray/boa  m on  the  screen  of  the  cathode-ray 

tube  of  indicator  is  determined  by  the  expression 

lg.t=  = 

where  Bearing  error  (A,,)  in  this  case  is  analogous  to 

col  ay,ri 

error  with  the  inequality  of  the  raoUul  e/inoduli  of  tha  factors  of 
amplification  of  two-channel  indicator  and  can  be  founi  from  formula 
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(see  § fl.3) 


tgV 
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cot  20 


When  selecting  modulation  frequencies,  must  be  take  into 
consideration  of  condition,  analogous  to  the  conditions  for  the 
selecting  of  the  frequency  of  rotation  in  phase-meter  radio  direction 
finders  (see  § 8.5). 


Page  462. 


Direction  finders  with  the  successive  connection  of  antennas  and 
indicator. 


In  such  direction  finders  the  orthogonal  pairs  of  antennas  or 
coil  of  goniometer  alternately  are  connected  to  single-channel 
receiving  indicator.  Simultaneously  arc  switched  the  coils  of  the 
needle  indicator  (logometer)  or  the  deflector  plates  of  cathode-ray 
tube.  The  simplest  circuit  of  this  direction  finder  is  depicted  on 
Fig.  3.30.  For  the  stabilization  of  bearing,  the  indicator  must  have 
slow  response.  Direction  finders  with  switching  did  not  have 
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extensive  application  due  to  the  large  number  of  def  idea;  y/lacks. 


Two“channel  reception  indicator  with  the  partial  association  of 
channels. 


The  difficulties  of  tho  control  of  tho  amplification  of  channels 
in  systems  without  control  signal  led  to  the  creation  of  two-channel 
receiving  indicator  with  the  partial  association  of  channels  [8.3]. 

In  this  receiving  indicator  is  conducted  the  special  conversion  of 
intermediate  frequency  in  one  of  the  channels,  so  that  ths 
intermediate  freguencies  of  channels  considerably  would  differ  from 
each  other  (Fig.  3.31).  Then  the  signals  of  each  channel  with 
different  intermediate  frequencies  are  amplified  on  the  whole, 
usually  the  aperiodic,  amplifier. 
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Fig.  8 -30.  Block  liagca*  of  single-channel  rad_io  .direction  finder 
with  the  successive  connection  of  antennas  and  indicator. 


Key:  (1).  Arrow  piascraeter  (logometer)  . (2).  Receiver.  (3).  Control 
unit  switch. 


Page  463. 

With  a sufficient  hroad-band  character  of  this  aaplifisr  and  linear 
amplitude- frequency  characteristic  with  the  adjustment  of  its 
amplification  it  is  possible  within  certain  limits  to  change  to 
identical  degree  both  signal  level. 

For  obtaining  the  indication  of  bearing  on  cathoda-cay  tube  it 
is  necessary  again  to  convert  frequencies,  in  order  to  obtain  then 
identical.  Since  conversion  before  the  comraon/general/total  amplifier 
compulsorily  is  lad  to  a supplementary  difference  of  the  signals  in 
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channels  3 ue  ts  piase,  for  reverse/inverse  transformation  is  utilized 
the  same  neterodyne,  but  connected  to  the  mixer  of  another  channel 
(Fig.  8.31), 

Usually  the  dynamic  range  of  the  control  of  amplification  by 
such  circuits  doss  not  exceed  40-50  dB.  The  automatic  gain  cor.  .rol 
also  can  be  realized  in  common/general/total  amplifier,  is  in  system 
with  control  signal,  stress  level  on  the  input  of  detestsr  of  AGC 
must  not  depend  on  azimuth  {§  8.3)  . 

8,5.  Instrument  errors  of  RDF's  because  of  phase  shifts  in  receiver. 

During  the  a?piication/use  of  methods  of  radio  traffic,  based  on 
tbe  measurement  of  phase,  vital  importance  acquire  phase  shifts  in 
receiver.  Phase  measuroments  in  high  frequency  are  utilizsd  in  phase 
radio  diraction  finders  from  motionless  antennas  with  large 
separation. 
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Fig.  8.31.  Block  diagram  of  receiving  indicator  with  the  partial 
association  of  channels. 

Key:  (1).  Filter.  (2).  heterodyne.  (3).  Aperiodic  amplifier.  (4). 
Tuning.  (5).  Amplification. 


Page  464. 

Tlie  measurement  of  envelope  phase  of  the  amplitude-  or  fraguency 
modulated  oscillation  is  applied  in  radio  direction  finders  with  the 
long  running  of  antennas  and  in  radio  directiorj  . aders  with  the 
cyclic  measurement  of  phase.  In  the  enumerated  systems  tha 
information  about  bearing  is  included  directly  in  phase.  Therefore 
any  supplementary  negligible  phase  displacement  in  recaiving 


i 
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indicator  will  give  corresponding  bearing  error.  At  tha  sine  tiise  tha 
presence  in  the  receiving  indicator  of  resonance  systems  in  the 
amplifiers  of  the  high  and  intermediate  of  frequencias  unavoidably  is 
led  to  phase  displacement  both  the  carrier  frequency  and  of  envelope. 
An  especially  large  shift  occurs  in  circuit  of  IFA 

[interuediate-freguency  amplifier],  where  the  there  is  the  narrowest 
passband  of  rasonmce  systems  and  the  steepest  phase  response. 


As  is  known,  the  phase  response  of  single  duct  and  two  coupled 
circuits  can  be  expressed  by  the  formulas: 


y(3)  = — arctg  (8.34) 

where  a =(2Af/f^2  ~ the  generalized  detuning; 


fo  - resonance  frequency; 


/'f  = f - fo  ” detuning; 


Q - a quality; 


1)— A’Q  - coupling  parameter; 


DOC  = 77223222 


PAGE 

K ~ a coupling  coefficient. 

The  selective  system  of  receiver  usually  consists  of  several 
free  single  ducts  or  pairs  of  circuits.  Resulting  phase  displacement 
grow/rises  proportional  to  n - to  the  number  of  single  ducts  or  pairs 
of  ducts  in  syste*.  If  the  resulting  passband  B is  assigned,  then  the 
energy  factor  of  ducts  must  be  selected  as  being  equal  to 

Function  i|i(h)  in  the  case  of  applying  the  pairs  of  ducts  depends 
besides  n and  on  the  degree  of  coramunication/conaection  (coupling 
parameter  ti).  Table  8.2  gives  corrected  values  borrowed  from 

[2.8 

Page  465. 


Otilizing  (8.35)  and  designating  x = 2af/B#  we  obtain 


3 = 


X 


(8.3G) 


The  phase  responses  of  multistage  selective  systam  cin  be,  using 
these  designations,  recorded  in  the  form 


(8.37) 
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for  d single-circuit  circuit,  and 


T,.=— narc  tg 


2Ai  (»o 


(I  + n*)  ♦(")•- x* 


(8.38) 


for  a two-cirouit  circuit. 


The  phase  response  of  resonance  system  for  an  envelope 
sinusoidal  oscillation,  modulated  voltage  of  frequency  F,  i: 
determined  by  formula  [2.71 

= (8.3‘J) 

For  the  single  duct 

for  a system  of  two  coupled  circuits 


(i 


J + »»  + I*  2F  Q 
- =»  + I,  ^ 


(8.41) 
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Table  B.  2.  Values 


-''Ctejit 

IL]„ 

PF9KIIM 

HicrpodK. 

1 13)  •■•('<)  npll  MHCAP  K^rKIAOB 

t 

2 

1 

1 ^ i 

1 * 

1 ^ 

(O 

(^1 

1 

1 

1 

0;iiiOKOiiTy|)- 

Brc  KoiiTy- 

1.0 

1 .50 

I.9G 

2,3 

2,85 

2,89 

nan 

' pu  n pcao- 

iiaHcc 

AnyjCKOHTvp-  , 

fYi  = n.5 

I.IO 

1.71 

7M 

2.35 

2.()7 

2.‘U 

nan 

0.71 

O.HK 

0.98 

1.00 

1.16 

1.22 

It)  n= 

0.32 

0.40 

0.S5 

0,61 

0.f.7_ 

0.7_ 

1 1 

1 

Key:  (1).  Circuit.  (2).  Hode/conditions  of'-tuning.  (3).  '^in\vith  the 
number  of  cascade/stages.  (4)  . Siiiglo-ciicuit . (5)  , All  ducts  in 
resonance,  (6).  rtfo-circuit. 
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As  can  be  seau  from  (B.41),  the  form  of  curve  depends  o^* 

So  that  curve  would  have  one  aaxiauD,  is  necessary 

satisfaction  of  condition 

Vi 


I 


Phasa  displacement  of  envt  lop^>  is  maxiffliim  during  tha  fine  tuning 
of  resonance  system  for  signal  carrier  freguancy  (»  = 0),  This  shift 
can  be  considered  either  by  the  introduction  of  the  corr as  pond ing 
phase  shifts  into  tno  reference  (modulating)  voltages  of  low 
frequency,  or  by  rotation  through  the  appropriate  angle  of  the  scale 
of  t<^a rings. 


'4 
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The  energy  factor  of  ducts  in  the  course  of  time  is  changed  as  a 
result  of  ageing,  the  effect  of  teiBi>erature,  change  in  the  load  of 
the  tubes  and  other  reasons,  which  produces  change  phase  displacement 
of  both  carrier  and  envelope,  ” 
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Fig.  8,32.  Dopenience  of  phase  displacemant  of  envelope  oi  detuning 
for  tuned  amplifieLn  with  single  ducts  with  different  x = 2F/B ; a) 
for  n = 1;  b)  for  n - 2 (unbroken  curves)  and  n = 4 (dashed  curves). 
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This  variable  part  of  phase  displacemon t cannot  be  compensated  for, 
if  in  circuit  is  not  providea  the  possibility  of  frequent  checking 
and  adjustment  of  phase  displacosiont. 

During  tunlij  of  signal,  any  deviation  from  resonance  is  led  to 
a change  in  the  phase  shift.  Let  us  designate  a change  in  phase 
displacement  of  envelope  with  detuning  by  A(p„i;  then 
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Utilizing  (8.36)  and  after  designating  and  2F/B  * a,  we  will 

obtain 


for  a systeo  froa  single  ducts  fron  (8.40) 


d^or  — 


/lO  .V* 


(8.421 


for  a two-circuit  circuit  from  (8,41) 


^9or= 


2a/i  r ■%-«  + a«4»(>i)(4-3.;)  1 

>?■(«)  [.v*4+  2.v>+*.(«)<; (2 -<?),+ («)</’]•  ^ ^ ^ 


The  graph/dia grans  of  dependences  AqsorC'*)  for  diffarsr.t 
resonance  systems  and  dependences  x(a)  are  given  to  Pigs.  8.  32-8.  36. 


The  analysis  of  formulas  (fl.42)  and  (8.43)  and  cucve/graphs 
shows  that  best  for  obtaining  rainimun  Atfop  are  the  systems  of 
single-circuit  resonance  and  two-circuit  band-pass  aaplifiers  when 
il<  1.  Cur  ve/graphs  Fig.  8,36  make  ir  posssible  to  select  the  modulating 
frequencies. 
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Fiy-  8.33.  Dependance  of  phase  displacemant  of  envelops  oa  detuning 
for  a single-stage  band-pass  amplifier  when  (continuous)  and 

»i“i , (broken)  curved. 


Page  468, 


During  the  rotation  of  the  highly  directional  radiation  pattern 
when  the  input  of  receiving  indicator  affects  the 

aoinenturn/i mpulse/p ulse , duration  and  form  of  which  depend  on  the  rate 
of  rotation  and  form  of  diagram,  also  can  be  oLserved  tha  specific 
for  this  gystam  errors  of  direction  finding  and  distortion  of  the 
shape  of  pulse.  As  is  known,  the  attack  time  at  the  output  of  tuned 
amplifier  depends  on  waveform  at  input  and  on  the  transient 
characteristic  of  amplifier.  If  the  attack  time  at  input  (the  leading 
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impulse  front)  t»x.  and  the  transient  response  of  entire  circuit 
of  receiving  indicator  is  specific  by  the  tine  of  establishment  ty, 
then  during  satisfaction  of  the  condition 

tttXy  (8.44) 

the  form  of  output  signal  is  close  to  that  of  the  input  signal*  The 
resulting  passband  is  selected  on  the  basis  of  the  condition 

(8.45) 

•1 

The  rise  tine  of  jomentua/impuise/pulse  can  be  approximataly  accepted 
equal  to 

(8.4G) 

where  2yo.i  is  width  of  radiation  pattern  at  the  level  0,1  from  the 
oaximun; 


P - the  frequency  of  the  rotation  of  antenna. 

satisfying  (3-44)  and  (8.45),  they  attain  that,  in  order  to  the 
distortion  of  tha  form  of  the  output  pulse,  the  position  of  the  axis 
of  symmetry  of  which  determines  bearing,  it  did  not  Lead  to 
deterioration  in  tlie  reading  of  bearing. 
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Fig.  B.34.  0epend3tice  of  phase  dlsplacenent  of  envelope  on  detuning 
for  a band-pass  amplifier  with  n = 2 and  i)-i. 


Pa  g e 4 6 9, 

Analogous  distortions  occur  during  the  rotation  of  cosinusoidal 
radiation  pattern.  They  are  developed  in  the  fact  that  at  output  is 
obtained  the  more  or  less  diffuse  loiniir.uiB,  but  not  the  zero  values  of 
the  voltage.  Besides  possible  wave  forni  distortions  during  pulse 
advancing  through  the  circuit  of  receiver  display,  will  occur  its 
time  lag  in  time.  During  fine  tuning  for  signal  frequency,  maximum 
and  constant/in vac idble  time  lag  can  be  taken  into  account  by  the 
introduction  of  the  corresponding  correction  to  bearing  by  the 
rotation  of  scale  or  deflection  system  of  the  cathode-ray  tube  of 
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indicator.  Howevar,  time  lag  in  the  course  of  time  changas,  that  it 
does  not  make  it  possible  to  consider  it  completely  and  a change  in 
the  envelope  phase. 

Imprecise  tuning  to  signal  will  leai  to  a change  In  the  time  lag 
and  respectively  to  bearing  error.  Time  lag  in  amplifier  is 
determined  by  the  slope/tra nsconductance  of  its  phase  rasponse  [2.7, 
2.8] 
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Fig.  8.35.  Depenl^ncs  of  phase  displaceiiant  of  envelope  on  detuning 
for  band-pass  amplifier  when  i|-o.5  and  n = 2 (continuous)  and  when 
H«=0.5;  n = 4 (dotted  curves). 
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Fig.  3 .36.  Depeiulaiice  of  the  permissible  detuning  x = 2af/B  on  the 
ratio  of  the  modulating  frequency  to  the  half  of  passbanl  (a  = 2F/ 
with  the  assigned  errors  of  direction  finding  for  the  different 
resonance  systems:  a)  the  error  of  direction  finding  d = 1®:  1 - 
band-pass  amplifiar,  ii  = o.r..  n = 4;  2 - band-pass  amplifier,  t,=  o,5.  n 

2;  3 - band-pass  amplifier,  n = 1;  4 - tuned  amplifier,  n = 4; 
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- tuned  anpllfiec,  n = 2;  6 - tuned  amplifier,  n = 1;  7 - band-pass 
amplifier,  i=i.  n = 1;  ft  - hand-pass  amplifier,  n » 2;  b)  the 
error  of  direction  finding  A = 0.5°  (designation  of  curves  the  same 
as  in  B, 36a)  . 


Page  471, 


A change  of  the  time  lag  (At)  with  detuning  Af  within  the  limits  of 
passband  B connected  with  phase  displacement  by  enveloping  dependence 
can  be  determined; 

' ‘Jn/- 


for  the  single-stage  tuned  amplifier 

.v>  1 


1 + A‘  /in’ 


for  an  n-cascade  tuned  amplifier 


.v> 


I 


If  (fi)  .v’  + Bk  ’ 


(8.48) 


for  an  n-  cascade  band-pass  amplifier 


A/ r __  A^H-.v»4iM>i)(4-3g) 1 I .g.g 

" ■"  + («)  [ .V V g-  2.r«(.*  (n)  <?  (2  ~ </)  + (//)  j Bn  ■ 


Minimum  changes  of  the  time  lag  with  detunings  within  tha  limits  of 
band  B will  be  during  the  use  of  single-circuit  resonance  and 
two-circuit  band-pass  amplifiers  when  n<l. 
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In  niultistaga  amplifiers  with  B = const  because  nf  t.me  expansion 
of  the  passband  of  each  cascade/stage  it  can  be  even  less 

Ati.  Knowing  the  frequency  of  the  rotation  of  antenna  F in  hertzes 
and  change  of  the  time  lag  At  in  seconds,  it  is  possibla  to  easily 
determine  the  obtained  in  this  case  bearing  error  in  the  degrees; 

A = 360P'A/. 

For  example,  with  detuning  x = 0.  and  B = 2000  Hz  for  a 
single-stage  tuned  amplifier  At^  = 0.2  ms.  If  the  frequency  of  the 
rotation  of  the  radiation  pattern  of  20  Hz,  this  leads  to  bearing 
error  a, = 1,44®.  Under  the  same  conditions  for  a four-stage  tuned 

amplifier  At*  * 0.075  ms  and 

Time  lag  and  change  in  the  time  lag  of  the  frequency  modulated 
signal  also  can  ba  found  by  formulas  < fl.4 6) - (8 . 49)  . 


8,6.  Phasometric  radio  direction  finders. 


In  phasoraetric  radio  direction  finders  the  bearing  is  determined 
from  the  envelops  phase  of  the  amplitude  modulation  which  is  obtained 
during  the  long  running  of  radiation  pattern  (§  2.3). 
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fire  known  differont  methods  of  formation  and  rotation  of 
the  radiation  pattern.  Obtaining  and  rotation  of  cardioid  or 
sinusoidal  diagram  can  be  realized  with  the  aid  of  the  rotatory 
antenna  with  sinusoidal  diagram  and  phased  motionless  oanidirectional 
antenna  [9.29],  either  by  rotation  of  special  reflector  around 
motionless  antenna  [8.28],  or  by  rotation  of  the  rotor  of  goniometer 
with  motionless  antennas  [8.  I'*,  8.29]. 

The  rotation  of  narrow-lobe  diagram  widely  is  applied  in 
wide-base  direction  finders  of  short  and  ultra  short  waves  and  in  UHF 
direction  finders  [3.25]. 

Is  applied  also  the  method  of  the  rotation  of  radiation  pattern 
with  motionless  antennas  with  the  use  of  special  eleetconic  circuits. 


Direction  finders  with  the  mechanical  rotation  of  radiation  pattern. 


The  rotation  of  radiation  pattern  causes  modulation  of  the 
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oriented  signal  ii  amplitude  with  the  frequency  R,  velocity-dependent 
of  rotation  and  form  of  radiation  pattern.  The  shape  of  the  envelope 
of  this  modulated  signal  is  determined  by  the  form  of  radiation 
pattern,  and  phasa  - by  direction  in  the  oriented  radio  station  (by 
angle  of  arrival  of  wave  Q]  . The  reference  point  of  envelope  phase  is 
usually  determined  by  the  tcrque/moment  of  the  passage  of  oaximuoi  or 
minimum  of  radiation  pattern  of  the  direction  in  north.  If  the 
strength  of  the  field  of  the  oriented  signal  E=*Ii.nSin(i)/,  the  antenna 
radiation  pattern  are  determined  by  function  £(6)  and  the  frequency 
of  the  rotation  of  radiation  pattern  is  equal  to  R,  then  the  voltage 
of  signal  on  the  input  of  receiving  indicator  in  general  form  can  be 

0)  sin  id/.  (8.50) 

During  the  rotation  of  cardioid  whose  (>quation  f(G)  = 1 - cos  9,  we 
obtain 

iio  = U„i  [1  — cc),s(0/  — 0)]sinu)/.  (8.51) 


4 

.M 


■-«w 

I 


1 


Page  h73.  | 


This  modulated  oscillation  witli  modulation  frequency  3 and  modulation  ^ 

% 

factor  M = 1 (lOOo/o  modulation),  moreover  phase  displacement  of  ^ 

envelope  relative  to  referenc.-  point  (t  = 0)  it  is  equal  to  the  angle  ^ 

of  arrival  of  wave  8 (Fig.  8.37a).  such  a modulation  is  observed  only  ^ 

with  ideal  cardioid  (5.1.8),  in  real  systems  usually  M < 1 and"c--^"'  ■ 

i 


ii 

m 

4 
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[1  - M cos  (Bt-6)  sin  ut. 

It  we  consider  that,  tht-  receiving  indicator  is  not  Introduced 
supplementary  phase  displacement  of  envelope  and  other  errors  (§8.5) 
tf.er.  output  potential  ot  the  linear  amplitude  detector  of  receiving 

ind.icator  will  be  _ . . - 

‘f  A n.  U,„  CflS  (0/  — (l). 

Measuring  with  phasemeter  value  w,  we  obtain  the  single-valued 
determination  of  bearing. 
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Fig.  6.37.  Signal  aspect  with  of  the  rotations;  a)  cariioid  radiation 
pattGLi.;  b)  sinusoidal  radiation  pattern. 

Page  474„ 

If  the  antenna  radiation  pattern  is  sinusoidal  (eight),  then  the 
(ceasuremon t of  signal  a^ipiitude  in  time  during  the  rotation  of 

diagratr  will  be  it  otreurs  according  to  the  law 

/(/,  0)  — sm(0/-- 0). 
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Signal,  at  ths  input  of  receiving  iniicatoL  takes  the  fora 


Wc  = U,„  sin  {ill  — 0)  sin  ml. 


(8.52) 


These  are  nodulated  auppressed-ca trier  signal  (Fig.  8.37b).  during 
its  detection  the  modulation  frequency  and  phase  displaceaent  are 
doubled.  

The  reading  af  hearing  on  phasemeter  is  conducted  with 
indeterminancy/un rertaint y to  180®.  For  the  eliaination  of  ambiguity, 
is  utilized  the  osnidirectional  antenna. 

Tr.e  form  of  radiation  pattern  can  differ  significantly  from 
sinusoid  or  cardiaid.  So,  during  the  rotation  of  diagraa  with 
sufficiently  narrjw  lug/lobe  and  distinct  maximua  modulation  has 
puls'^  character  (Fig.  9. ,18).  In  this  case  tne  bearing  is  determined 
by  ■ . .ae  phase  angla  between  the  reference  point  and  the  maitimum  value 
of  momentu m/inipulse/pulsp  at  the  output  of  receiving  indicator. 


U.eually  on  the  axi.s  of  the  rotation  of  antenna  or  goniometer,  is 


located  reference  generator  whose  frequency  is  equal  to  the  frequency 
of  rotation,  and  aliase  is  equal  to  zero  during  the  passage  of  the 
minimum  (or  maximum)  of  radiation  pattern  of  the  direction  in  north. 
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Fig-  Rotatioa  of  narrow-lobe  radiation  pattern:  a)  narrow-lobe 

diagram;  b)  signal  aspect  at  cne  input  of  receiving  indicator. 


Page  475. 

Sometimes  on  the  axis  of  rotation,  is  est a blish/installed  selsyn 
transmitter,  and  receiving  synchro  serves  for  obtaining 
scanning/sweep  on  tube.  Are  applied  sweep  circuits  with 
synchro-transformer  and  sine-cosine  potentiometer  [8.13].  Examples  of 
the  block  diagrams  of  direction  finders  with  the  revolving  radiation 
jattern  are  represented  in  Fig.  to  8.39-8.41. 
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Fig.  a. 39.  Phase-netei;  radio  direction  finder  with  the  rotatory 
antenna  and  arrow  phasemeter. 

Key;  (1),  Receiver.  (2).  Detector  and  UNCh  [low-frequency 

amplifier].  (3).  Kotor.  (4).  Phasemeter.  (5).  Reference  generator. 


Fig.  8.40.  Phase-neter  radio  direction  finder  with  delinaation  of 
radiation  pattern. 
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Key:  (1),  Peceivec.  (2).  Hotor. 


Page  476. 

Cardioid  pattern  in  direction  finder  (Fig.  d.39)  is  fsrnei  by  the 
addition  of  the  stress  of  the  revolving  H-type  antenna  an3  motionless 
omnidirectional  antenna,  the  voltage  of  envelope,  obtained  as  a 
result  of  detection,  is  fed  to  the  arrow  phasemeter  to  which  will  be 
feed/conducted  aiso  reference  voltage  from  generator.  The  measured  by 
phase  meter  phase  difference  of  these  stresses  gives  single-valued 
bearing  in  degrees. 

Bearing  is  counted  off  with  the  aid  of  the  phasemeters  of 
different  types,  in  this  case,  wide  application  found  arrow 
ph  asemeters  with  oalance  detector  and  the  instrument  of  direct 
current  and  phasemeters  with  cathode-ray  tuoe. 

Are  applied  also  the  circuits,  in  which  is  form/shaped  the 
narrow  puLse  into  the  torque/moment  of  the  passage  of  tha  sinusoid 
through  zero  in  the  direction  of  an  increase  in  the  current.  The 
obtained  moaentuni/impu  Ise/pu  Ise  starts  flip-flop.  The  analogous 
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■oientua/lapul8e/pulse«  obtained  from  reference  voltage,  inverts 
flip-flop. 


Fig.  8.41.  Phaae-netor  radio  direction  finder  with  revolving 
qoniontteter  . 

Key:  (1).  Input  of  circuit  and.  (2).  Converter  and  UPN,  (3). 
Detector-  (4).  Will  supplement,  detector.  (5).  Amplifier.  (6), 
nodulator.  (7).  Sweep  oscillator.  (8).  Balance  modulator. 


Page  477. 

The  time  interval  during  which  one  of  flip-flops  tuba  is  opened,  a 
its  average  current  are  proportional  to  a phase  difference  in 


DOC  = 77223223 


PAGE 


neasurcd  and  refarence  voltages  [2.9].  The  method  of  maasu  te  me  nt  of 
phase  on  the  interval  among  tho  moraen tum/impii Ise/pulses,  formed,  aa 
noted  above,  has  a series  of  advantages  in  the  relation  to  accuracy 
and  possibility  of  the  automation  of  the  further  treataent/wor king  of 
bearings.  It  is  described  in  §8.9. 


In  system  <Fig.  8.40)  rotates  the  antenna  with  acuta/sharp 
radiation  pattern.  The  output  unidirectional  voltage  of  raceiver  will 
be  feed/conductel  to  the  dt^flection  coils  of  the  cathode-ray  tube 
which  rotate  synchronously  and  cophasally  with  antenna.  Hith  the 
reception  of  the  signals  of  radio  station  on  tube  face,  is  drawn  the 
antenna  radiation  pattern  the  axis  of  symmetry  of  which  determines 
bearing. 


Direction  finder  (Fig.  8.41)  has  the  rotatable  with  the  aid  of 
high-frequency  goniometer  sinusoidal  radiation  pattern.  The  modulated 
with  the  frequency  of  rotation  stress  from  search  coil  of  goniometei 
is  reraovG/taken  with  the  aid  of  the  revolving  transforier.  After 
conversion,  amplification  and  detection  in  receiver,  the  obtained 
voltage  of  envelope  in  negative  polarity  is  fed  to  the  grid  of  the 
modulator  where  it  modulates  the  sweep  oscillator  voltage  (frequency 
its  15-80  kHz).  The  phase  of  the  modulating  stress  depends  on  the 
azimuth  of  transmitter. 
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'the  voltage  of  sweep  frequency  enters  through  tha  cavolving 
transformer  the  rotor  of  the  goniometer  of  scanning/swae?  which 
rotates  in  line  with  the  rotor  of  high-frequency  goniometer^  The 
stator  coils  of  goniometer  of  the  scant  in g/sw eeps  in  which  in  this 
case  are  formed  two  shifted  to  90®  voltages  of  sweep  freguency, 
nodulated  with  tha  frequency  of  the  rotation  of  goniomataCf  are 
connected  to  the  deflector  plates  of  the  tube  on  which  is  obtained 
the  circular  sweep. 

The  voltage  in  the  stator  coils  of  the  goniometer  of 
scanning/sweep  is  mcdulated  hy  the  voltage  of  the  signal  amplitude 
envelope  whose  phase  depends  on  azimuth-  Since  the  modulating  voltage 
is  utilized  in  negative  polarity,  on  scope,  is  drawn  re vecse/inverse 
radiation  pattern  in  the  form  of  the  propeller  whose  blada/vanes 
correspond  to  the  miniraums  of  figure-of-eight  diagram. 

Page  478. 

Along  the  axis  of  the  symmetry  of  the  obtained  figure,  is  determined 
two-place  bearing. 

The  side  is  determined  by  means  of  the  closing/shortL ng  of 
key/w  renches  K| , Kj  and  of  interrupting  key/wrench  Kj  (Fig.  8.41), 
During  the  closin j/short ing  of  key /wrench  Kj  to  the  input  of 
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receiver,  is  fed  the  voltage  of  the  omnidirectional  antenna,  matched 
on  amplitude  and  phase  with  frame  voltage.  The  obtained  after 
detector  voltage  of  the  frequency  of  the  rotation  of  goniometer 
during  interrupting  of  key/wrench  additionally  is  detected  in 
negative  polarity  and  modulates  the  sweep  oscillator  voltage. 


Is  simultanao  us  the  voltage  after  the  detector  of  receiver,  out 
of  phase  to  90®  wirh  the  aid  of  phase  inverter  ( d)  - 90®),  is  fed  to 
the  input  of  the  balanced  modulator  together  with  the  swajp 
oscillator  voltage,  output  voltage  from  the  balanced  modulator  during 
the  closing/shorting  of  key/wrench  K3  is  connected  to  grid  - the 
modulator  of  the  brightness  of  cathode-ray  tube.  On  tube  face,  one  of 
the  lobes  of  the  propeller  of  the  image  of  bearing  goes  out,  and  can 
be  counted  off  single-valued  bearing. 

Direction  finders  with  the  electrical  rotation  of  radiation  pattern. 

The  electrical  rotation  of  radiation  pattern  usually  is  applied 
in  systems  with  sinusoidal  or  cardioid  radiation  patterns  {Fig. 

3.42)  , 


iiiif  #iiJri-<liiHihiiait  III Ml nif  i‘Tiiii-'  iiiiitrii{ihtiiitiiiiiiiiiib'''  ir'r  i'ilri'i'1iifii<i  tftiijiiir'i'irifiiinf'iiirniiiKimi 
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Fig.  8,U2«  Block  aiagram  of  radio  direction  finder  with  the 
electrical  rotatiDn  of  radiation  pattetn- 


Key;  (1).  The  balanced  modulator.  (2).  Generator.  (3).  Balance  phase 
discriminator,  (4),  interrupter.  <5).  Phasing  circuit.  (6>  , Receiver 
(7)  , the  indicator  of  bearing.  (8) . Phase  inverter. 
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Useful  components  at  the  output  of  the  balanced  modulatocs 

«M,  cos  Osin  Q/ sin  •/,  (8.55) 

Mmi  ~ sin  0 cos  sin  id/. 

In  the  existing  systems  (Pig.  B.42)  usually  is  applied  the 

electrical,  cot  action  of  cardioid  pattern,  for  which  is  utilized  also 

the  voltage  of  tha  omnidirectional  antenna,  phased  with  the  voltages 
of  the  directional  antennas  with  the  aid  of  the  phasing  circuit: 

H«  = t/n.»sin<o/. 

During  the  addition  of  the  output  voltages  of  balanced 
modulators  and  voltage  of  the  omnidirectional  antenna  cn  the  input  of 
receiving  indicator,  we  obtain 

M = a (I  + M sin  (0/  + 9)1  sin  m/.  (8.56) 

where  is  a coefficient  of  mcdulation. 

« 

The  obtained  expression  characterizes  the  modulated  in  amplituda 
voltage,  phase  displacement  of  envelope  of  which  relativa  to  the 
phase  modulating  stress  it  is  equal  to  bearing  (6).  After  conversion, 
amplification  and  detection,  the  signal  of  form  n sin (Q/4-®i 

(is  not  considered  as  before  phase  displacement  of  envelope  in 
receiver)  is  fed  to  balance  phase  discriminators  [1.13],  where  as 
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support.inj/refersnce  will  be  feed/conducted  voltages  ''si  and 
(8.54). 

Page  4 00, 

Tlirough  the  load  impedances  balance  phase  disccininat ors,  flow 

the  direct  currents,  which  create  the  voltages 

«,  = t/mcCosO: 
w„— (/,„csin0. 

Direct/constant  voltages  are  utilizad  for  an  indication  on 
cathode-ray  tube  just  as  in  direction  finder  with  audio  undulation 
(§8,4)  . 

In  systems  with  the  electrical  rotation  of  radiation  pattern,  it 
is  possible  to  apply  large  values  Q;  the  absence  of  th.-<  revolving 
cell/elemants  increases  life  and  the  reliability  of  systaai;  direction 
finders  wirh  the  alectrical  rotation  of  radiation  pattern  cheaper 
direction  finders  with  mechanical  rotation. 

However,  that  that  at  entrance  and  exit  of  direction  finder  with 
electrical  rotation  are  cel l/elements,  which  require  a precise 
balance  (the  balanced  modulators  and  detectors),  creates  the 
supplementary  sources  of  ii.striiinGiit  errors  because  of  the  nonidentity 
of  these  cell/eleien V s.  Furthermore,  the  maintenance  of  tae  balance 
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of  arms  in  the  mojulat.or  circuits  and  detectors  in  the  process  of 
operation  is  very  complex  p'oblera.  In  spite  of  these 
deficiency /lacks,  the  circuits  of  direction  finders  with  the 
electrical  rotation  of  radiation  patterns  find  a use,  and  work 
proceeds  on  their  per  feet ion/improvement.  Specific  for  phase-meter 
radio  diraction  finders  with  the  electrical  rotation  of  radiation 
pattern  is  the  usa  of  the  modulatiny  voltages,  shifted  oi  Faye  to 
900. 


Let  us  deteriine  the  error  of  direction  finding  due  to  deviation 
from  90*^  phase  shift  of  the  modulating  voltages. 

During  the  deflection  of  the  phase  shift  between  vol t ages .^nd 
from  90®  on  the  angle  * of  output  potential  of  the  balanced 

modulators  they  will  take  the  form 

//„,  — cos  0 sin  n/  si n mi, 

Hu,  — Uns'mO cos (O/  + <f) sin  ml. 


Page  481. 

I'otai  voltage  on  the  input  of  receiver  in  this  case  will  oe 

« O’™  * [1  + M si  n {tl/ -f ‘P)l  sin 


where 
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A\  = , .A  = — sin29sin<f' ; 


t: 


. tin  S cosy 
'S  cos  6^^iir8~slii  y ■ 


(S')?) 


The  phase  shift  of  envG!!ope  is  the  function  of  both  azimuth 

0 and  anqlo  0. 


Output  potential  of  the  detector  of  the  receiver  is  ayual 

Un  = AUm)>.^'n\  (O; -]-<]•). 

If  the  refecance  voltages^  supplied  to  the  phasa  discriminators, 
have  tie  same  supplementary  phase  shift  i.e., 

that  the  output  voltages  of  balance  phase  discriminators  will  be 

Ut  = AU  cos  {i*  — ¥). 


The  anql?  of 
of  indicator 


daflaction  of  the  ocaiiiiing/sweep 

will  be  defined  a.s 
*in$ 


tga- 


cos  — y) 


agO,  a=0. 


of  ray/beim 


on  the  tuba 


In  this  case,  there  is  no  error  ot  direction  finding*  Depanding  on 
value  0 = const  with  a change  in  th-’  azimuth  9,  is  changad  by  A and 
respectively  the  amplitude  of  the  beam  deflection  on  tuba,  that  it 


I 
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does  not  lead  to  beduincj  erior. 


If  in  refsrsnce  voltages  there  is  no  phase  displacema nt  * , i.e., 

the  output  voltagas  of  balance  detectors  are  defined  by  the  formulas 

tt,  = y4f/sin<^  II  «,  = i4fycos«l», 

^ the  angle  of  deflection  of  ray/beam  on  tube  will  be  lafined  as  tg  a 
= tg ‘1’  , where  n = fl  + A;  A is  a bearing  error. 


Page  482. 

From  formula  for  <li  (H.  57)  it  is  possible  to  find  error  A; 

tg  ^ V - sin  ze  + (25l_-  f) 

® I + cos  29  + coi  y — ciis  (26  — j>)  * 

For  small  'f>  the  error  A is  small  and  is  deteririned  by  the 
formul a 

A — v(i  — ^9) 

^ '2  — f sin  20  • 

Maximum  error  will  be  at  f)— 90®,  210°,  it  is  equal  to  A. 

The  fields  of  reradiation,  which  are  located  in  quadrature  with 
ground  field,  cuuse  the  errors  in  phaso-meter  radio  direction  finders 
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both  with  oechanisal  and  with  the  electrical  rotation  of  radiation 
pattern.  The  character  of  errors  is  completely  analogous  to  the 
character  of  the  arrors,  caused  by  the  same  reason  in  fixed  loop 
radio  compasses  (§8.1).  Their  value  can  be  estimated  by  farmulas 
(8.8)  and  (8.9). 


Selection  of  the  frequency  of  rotation  (modulation)  in  phase-meter 
direction  finders. 


, From  the  viawpoint  of  obtaining  minimum  errors  iua  to  a change 
in  phase  displacement  of  envelopes  during  imprecise  tuning  and  the 
achievement  of  high  interference  shielding  from  the  signals  of  the 
mixing  radio  stations  most  desirable  are  small  modulation 
frequencies. 

However,  in  this  case  are  limited  the  possibilities  of  direction 
finder  on  the  stable  direction  finding  of  pulsed  and  shoct-term 
transmissions-  Foe  obtaining  high-definition  displacement  in  systems 
with  the  tracing  of  radiation  pattern,  the  duration  of  the 
premise/impulse  of  telegraph  signal  must  be  5-6  times  mors  than  cycle 
time  of  rotation.  So,  for  the  duration  of  normal  telegraph 
promiso/impulse  23  ms,  the  frequency  of  rotation  must  be  order  250 
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H2«  The  direction  finding  of  short-term  momentum/iiapulse/pulse s with 
large  porosity  is  possible,  if  they  follow  with  high  repetition 
frequency  (several  times  higher  than  frequency  of  intecmoi ulat ion) . 

During  the  rotation  of  narrow-lobe  diagram,  minimum  duration  of 
signal  is  equal  to  the  period  of  turn. 

Page  483. 

The  frequency  of  modulation  must  be  selected  also  from  the  conditions 
of  the  absence  of  the  coincidence  of  the  frequencies  of 
inter  modulation  and  modulation  of  signal.  However,  experiment  shows 
that  this  criterion  on  is  definite.  The  selection  of  the  frequency  of 
modulation  in  the  spectrum  of  word  was  not  virtually  led  to  the 
noticeable  errors  of  direction  finding,  since  the  coincidence  of  the 
frequencies  of  internal  and  external  modulations  was  random  and 
short-term , 

In  the  existing  systems  with  the  mechanical  rotation  of 
radiation  pattern,  the  rotacional  speed  of  design  considerations  does 
not  exceed  3000  c/min  (modulation  frequency  50  Hz).  Therefore  their 
possibilities  on  the  direction  finding  of  pulse  and  short-term 
transmissions  are  very  limited.  In  the  direction  finders  of  short 
waves  with  the  electrical  rotation  of  radiation  pattern,  are  utilized 
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the  Bodulation  frequencies  from  50  to  250  Hz,  In  VHF  direction 
finders  of  modulation  frequency,  they  lie/rest  at  the  range  higher 
than  spectrum  of  word  and  they  reach  5-6  kHz. 

For  the  purpose  of  an  increase  in  the  sensitivity,  and  also  the 

provision  for  direction  finding  of  the  pulse  transmissions  in  radio 

» 

direction  finders  with  the  rotation  of  cosinusoidal  radiation 
pattern,  are  applied  selective  systems  at  the  frequency  of  rotation 
and  the  different  circuits  of  the  accumulation  of  signals  [8.14, 
8.34-8.36]. 

« 

8.7.  Radio  direction  finders  with  large-base  antenna  system. 

Amplitude  direction-finding  method. 


In  large-base  radio  direction  finders  greatest  application/use 
has  motionless  circular  antenna  system  with  antenna  commutator,  which 
makes  it  possible  to  carry  out  direction  finding  from  all  azimuths 
(0-360®)  (see  § 3.11).  As  was  shown  in  § 5.3  and  § 6.5,  in  large-base 
antenna  system  for  a decrease  in  the  errors  due  to  the  influence  of 
en viicnn-ent  and  propagation  it  is  expedient  to  take  the  separation  of 
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antennas  as  possible  large,  however,  an  excessive  increase  in  the 
diameter  of  a circle  of  the  arrangeoent/permutation  of  antennas 
encounters  structural/design  and  operating  difficulties.  At  the  same 
tine,  if  an  increase  in  the  diameter  of  a circle  of  syste*  to  4-5  X 
is  led  to  an  essential  improvement  in  the  characteristics,  then  a 
further  increase  in  the  diameter  manifests  itself  much  smaller. 

Page'  484. 

Direction  finding  can  be  realized  visual  either  for  audition  on 
the  maximum,  the  minimum,  or  according  to  comparison  method  (§2.3) - 
For  the  execution  of  comparison  method,  antenna  commutator  must 
simultaneously  create  two  equivalent,  displaced  to  certain  angle,  the 
groups  of  antennas,  for  example  along  lines  AAj  and  in  Fig.  3.40. 
Bearing  corresponds  to  the  coincidence  of  eguisignal  line  with 
direction  in  radio  station.  Is  feasible  the  phase-meter  mathod  of 
reading,  for  which  is  required  the  high-spin  motion  of  antenna 
commutator  (Fig.  3.38  § 8.6). 

Without  the  rotation  of  antenna  commutator,  is  realized 
automatic  direction  finding  in  certain  sector  2A0'Ma,tct  in  this 
case  they  are  utilized  two  subgroups  of  antennas  and  two-channel 
receiving  indicator.  Formula  for  calculation  2^0'ni'xo  (3.85)  is 

given  in  § 3.11.  3y  the  rotation  of  antenna  commutator  the  sector  of 
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direction  finding  is  moved  within  limits  of  360°.  The  determination 
of  bearing  consists  of  the  measurement  of  a phase  difference  of  the 
stresses  of  the  antennas  of  subgroups.  The  methods  of  measurement  of 

a phase  difference  are  presented  in  § 8.6  and  in  the  second  section 
of  this  paragraph. 

f 

In  the  antenna  commutator  of  radio  direction  finder,  the 
electrical  delay-line  length  between  the  separate  plates  of  rotor  is 
designed,  the  basis  of  geometry  by  the  antenna  of  system  for 
certain  mean  angle  of  the  slope  of  a front  of  wave  For  other 

angles  of  the  slope  p,  appears  high-altitude  error.  7alua  Pc  is 
selected  such  so  that  the  high-altitude  errors  for  angles  'PMaitetina  ,3„^ 
would  be  approximately  identical.  Let  us  calculate  high-altitude 
error  for  by  the  circular  antenna  of  system  with  the 

simultaneous  use  of  all  antennas  with  direction  finding  from  the 
minimum  or  from  maximum.  To  the  reading  of  bearing  corresponds  the 
position  of  the  rotor  of  antenna  commutator,  when  0'=Ab  and  the 
differential  voltage  of  antennas  (3.97)  is  equal  to  zero.  For 
differential  voltage  it  is  possible  to  be  faceted  one  first  term  of 
series  (3.97) 

£/,=  4BM  (x  si"  (r  + T - ».)  X = O’ 

(8.58) 

where  by  formula  (3.88),  set/assuraing  sin0'  = s!n  A, « A,, 
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A. 


CM  ft  ~ * 


co$f 


(8.59) 


So  - tha  angle  of  the  axis  of  the  symmetry  of  commutator  with  the 
nearest  clockwise  antenna  (see  § 3,11). 


Page  U85, 


Let  us  designate  2tj  the  angiilar  width  of  the  plats  of  the 
rotor  of  antenna  oommutator.  We  assume  that  there  are  no  errors  due 
to  the  disturbance/breakdown  of  the  electrical  lengths  of  the  line  of 
time  delays.  For  the  directions  of  radio  stations,  which  are 
characterized  by  condition  from  (8.58)  and  (8.59), 

we  will  obtain 

d',  = - 

During  calculation  a,  for  the  directions  when  6<a,<T)  or 
2n  2n 

/I  “•’^’75  l-one  should  consider  that  into  differential  voltage 
(8.58)  instead  of  a difference  in  emf  of  the  antennas  of  the  n-th  and 
n/2-tt^y  calculated  by  (3.96)  when  m = n by  the  formula: 

4 = m)  cos  (y  - «,). 

will  enter  voltage  difference  of  identical  phase  (respectively  oq  = 

0)  ; each  of  which  is  proportional  to  the  capacitance/capacities  of 
the  communication/connection  of  the  plate  of  the  stator  of  the  n-th 
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(and  tliB  n/2)antannA  with  tht'  plates  of  the  rotor  of  the  intenna 
commutator  ; 

*=4E.h„/.  cos  T = 

H iy h-al tit ul i error  is  designed  from  the  expression 


or 


page  486. 


si  n cosec  — cos  (y  — a,)  + -^  1 = 0* 

(8.61) 


Assuming  that 

cosec  ~ . tos  Y »=<  cos  (y  — a,)  r*  1 , 

and  also  oy  t*kiny  into  account  (8.09),  ve  will  obtain  from  (9.61) 
initial  expression  for  the  calculation  of  hig h-altituda  error  A", 
with  0 Mo  <T!  2trn  > ttf,  ^ 2ir/n  - t)  (i.e.  for  xq  within  limits 


whence 
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A 


ff 

y 


cos  ?c\ 
cusp  /■ 


(8.62) 


the  maximuBi  value  ol  hiqh-a  Ititude  srcof  is  obtainal  from  (8.fi0) 


and  (8.62)  when 

(S-SS) 

where  n - a number  of  antennas;  N is  a number  of  plates  dC  the  rotor 
of  antenna  commutator. 


Figures  8.43  depicts  a change  in  the  high-altitude  error 
depending  on  angla  CXq  for  case  of  n = 18,  N = 36,  /^c  — .30'',  Curve  1 

corresponds  3 •=  60'’,  curve  2 is  designed  for  3=0. 


Fiy. 


. Kpitsu  I fi’SO’ 


8,43.  High-altitude  error  of  circular  system 


Ke v:  f IS  . Curved 
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Page  487, 

With  N s n,  high-altitude  error  is  not  developed.  For  a decrease 
in  the  high-altitade  error#  it  is  expedient  to  decrease  the  number  of 
plates  of  the  rotor  of  antenna  commutator.  However,  in  order  to 
achieve  the  smallest  disturbance/breakdown  of  the  designed  electrical 
lengths  of  the  lines  of  the  time  delays  in  the  situations,  when  the 
plate  of  stator  overlaps  two  plates  of  rotor,  it  is  expedient  to 
increase  the  number  of  plates  of  rotor.  Therefore  the  selection  of 
the  nurmber  of  plates  of  rotor  is  a compromise  of  the  indicated 
opposite  requirements. 

So  that  the  shunting  of  the  lines  of  time  delays  with  the  loads 
of  the  feeders  of  antennas  would  not  change  calculated  lengths,  load 
impedance  must  be  4-5  times  more  than  line  characteristic  [3,4], 

In  large-bass  radio  direction  finder  besides  by  the  circular 

antenna  of  system  it  is  possible  to  use  the  rotatable  rectilinoar 
series  of  antennas  with  the  distance  between  extreme  antennas,  long 

wave  lengths.  The  method  of  the  reading  of  bearing  can  be  undertaken 
by  any,  used  in  rotatable  antenna  to  system  (visua],  or  auditory 
reading  on  the  minimum  or  on  maximum  during  the  manual  rotation  of 
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antennas,  phase-aatec  during  rotation  by  motor  or  other). 

Including  in  the  antennas  of  a rectilinear  series  tha  variable 
tiae  delays,  it  is  possible  to  carry  out  with  motionless  antennas 
rotation  of  the  radiation  pattern  in  certain  sector.  Finally,  with 
established/installed  motionlessly  such  cUt  antennas, 

usually  with  reflector,  is  realized  sector  direction  finding 
according  to  the  principle  of  the  measurement  of  a phase  difference 
of  the  stresses  of  the  halves  of  the  antennas  of  system.  The  sector 
of  direction  finding  in  both  cases  is  limited  to  the  allowed  values 
of  high-altitude  error  and  distortions  of  the  form  of  radiation 
pattern. 


Phase-difference  direction-finding  method. 


Let  us  examine  phase  radio  direction  finders  with  motionless 
antennas.  Phase-difference  direction-finding  method  with  four  spaced 
antennas  is  described  in  § 2.3.  In  the  case  when  it  is  required  to 
determine  only  azimuth  0,  are  applied  two  spaced  antennas. 


Page  48P 
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If  2b  - the  separation  of  two  antennas,  # - phase  iisplacenont 
of  their  anf,  9 - azitnuth  relative  to  perpendicular  to  tha  line  of 

the  arrangeaent/parnutation  of  antennas,  p - the  angle  of  the  slope 
of  a front  of  wave,  then 

?s=i^6cos^sinft 

Orssarcsln^Up-^^-^ — 

-y  b cos  P 


and 


I = arc  cos 


bsinB 


« 

The  dependence  9 and  j*  on  « is  nonlinear.  Only  at  low  values  9 
and  P^Po 


(8.64) 

where  fc'n  is  a scaling  factor  from  0 to  9: 


A'n  = -y- ^cosPc. 

Por  obtaining  high  accuracy  in  phase  radio  direction  finders,  is 
taken  the  separation  of  antennas  ouch  larger  than  wavelength. 
Actually,  if  we  designate:  A*  - the  accuracy  of  reading  of  a phase 
difference  of  the  stresses  of  aitennas,  A9  - the  accuracy  of  the 
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measurGinont  of  azimuth,  - thp  accuracy  of  the  measuremsnt.  of 
high-altitude  angle  that, 

M = , 4p=-5_it , 

i,  e.  A6  and  Ap  they  are  improved  with  an  increase  2b/K, 

the  best  accuracy  of  the  measurement  of  azimuth  0 is  obtained  at 
0=0  either  180’,  the  best  accuracy  of  angle  measurement  of  the 
slope  of  a front  of  wave  ^ - when  0 = 90  or  270°.  When  2b/A  > 1 
appears  the  multiformity  in  reading  0 and  p. 

Pago  489. 

For  the  resolution  of  multiformity,  is  applied  one  or  several 
supplementary  antenna  systems  with  smaller  separation  with  the 
phase- difference  or  other  method  of  reading. 

As  it  was  mentioned,  according  to  phase  principle  is  realized 
sector  direction  finding  in  by  the  circular  antenna  to  system  and  in 
the  system  of  the  antennas,  arrange/located  on  straight  line. 

Besides  the  described  in  § 8.6  methods  of  measurement  of  a phase 
difference,  are  applied  even  compensation  methods. 
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Figures  8.U4a  depicts  tha  block  diagram  of  the  C3 tp ai sati ve 
method  of  measuraaeut  with  manual  control.  In  the  channel  of 
amplification  of  one  of  the  voltages,  is  included  tha  phase  inverter. 
The  circuit  of  comparison  makes  it  possible  to  convert  both  compared 
voltages  so  as  fratn  indicator  to  find  the  position  of  the  phase 

inverter  when  the  phases  of  both  stresses  coincide.  Sometimes  in  one 
of  the  channels  for  the  selected  method  of  measurement  of  phase 
coincidence,  it  is  required  to  still  provide  the  equalization  of  the 
amplitudes  of  stresses.  As  the  circuit  of  comparison  are  applied  the 
cascade/stage  of  sum  or  difference,  the  voltage  converter  into 
momentum/impulsG/p ulse,  etc.  As  the  indicator  of  phase  coincidence 
can  serve  dial  instrument  or  cathode-ray  tube. 

Figures  8.44b  gives  tl.e  block  diagram  of  the  automatic 
compensation  for  a phase  difference  with  servo  system.  Phase  inverter 
rotates  by  the  motor  which  is  supplied  by  the  current  of  the  circuit 


of  control. 
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Fig.  8.44.  Block  iiagcatn  of  the  compensation  nethod  af  tha  reading  of 
the  phase:  a)  with  manual  control;  b)  with  servo  system. 

Key:  (1).  Channel.  (2).  Phase  inverter.  (3).  Comparisan  circuit.  (4). 
Indicator.  (5).  Equalizer  of  the  amplitudes  of  stresses.  (6).  Motor. 
(7),  The  phase  discriminator-  (8).  Circuit  of  control. 


Page  490. 

The  circuit  of  coitrol  develops  voltage  only  it  the  current  of  the 
phase  discriminator  is  not  equal  to  zero. 

4s  is  known,  the  current  of  the  phase  discriminator  is 
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The  aut.oiaatL3  circuit  of  compensation  possesses  inertia  and 
therefore  it  is  applied  when  it  is  not  possible  to  expect  a very 
rapid  change  in  the  phases.  The  compensation  methods  of  comparison  of 
phases  have  accuracy  of  measurement  on  the  order  of  1°.  It  is 
possible  to  raise  accuracy  by  ineaiis  of  frequency  multiplication,  but 
in  this  case  measurement  within  limits  of  360°  becomss  many-valued. 

In  the  two-cnannal  receiving  indicators  of  phase  radio  direction 
finder,  can  be  applied  sum-differential  method  of  the  reading  of 
bearing  on  cathode-ray  tube.  if. 

The  dissimilarity  of  the  factors  of  amplification  of  the 
channels  of  receiver  in  amplitude  and  in  phase  after  sum-difference 
block/modu le/unit  is  led  to  the  errors  of  reading  and  to  the 
ellipticity  of  imago,  examined  into  6 H.3.  The  azimuth  error  of  phase 
radio  direction  finder  times  is  less  tnan  the  error  of  reading 

according  to  the  scale  of  the  cathode-ray  tube  where 

k„  = ^bQQS^r=0,5k'„, 

Let  us  examine  the  effect  of  the  nonidenti  ty  of  the  channels  of 
receiver  to  suni-an  d-dif  fcrence  block/modu  le/unit. 
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Let  us  designate:  E,A  EoA.e 

- voltaqe  on  the  input  of  the  channels  of  receiving  indicator,  b and  ce 

- voltage  on  the  input  of  suin-and-dif f erence  block/tnodule/ unit  after 

awpllf ication  in  channels,  26,  “ separation  of  the  equivalent 

pair  of  antennas,  Eq  - the  strength  of  field  at  the  center  of  system. 


Then  the  sum  of  voltages  or.  the  input  of  sum-differential 
block/raodule/unit 

= ce'*  = (6  r cos  «b)  -1-  jc  siu  (8.65) 


Page  491. 


The  difference  in  voltages,  out  of  phase  90°,  will  be 
U^  = }(b~  ce‘*)  = c sin  flh  4-  y (6  — <?  cos  4>).  (8.66) 

Is  further  included  cathode-ray  tube. 

Equation  for  an  image  on  cathode-ray  tube  face  can  be  written  in 
the  form 

{/j  cos  a -f-  f/,  sin  a = Z, 
or 

^ = [{b-\-c cos  <I>)  -|-  /csin  <P]  cos  a -f- 
4-  [c  sin  <I>  -f  / (6  — r cos  4»)]  sin  a.  (8.67) 


Formula  (8.67)  is  the  equation  of  ellipse. 
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Me  will  use  expressions  (III, 3)  and  (III. 6)  of  appendix  III  for 
determining  the  angle  of  the  slope  of  the  transverse  «mh«  and  of  the 
relation  of  seaiaxes  of  ellipse  A/D. 

On  the  basis  of  - omparison  of  (III.I)  and  (8.67)  we  find 

/ = i c cos '1»,  />t=<?sin'l>,  rtt=  — csin'I*, 
p = — (b  — cco&  4>). 

From  (III.  3)  we  have 

‘8  = tg  <1..  (8.68) 

i. e,  independent  of  the  amplitude  ratio  of  stresses  on  tha  input  of 
the  sum-aiid-dif fecence  block/module/unit 

*!««■  = (8.68') 

Thus,  the  angle  of  the  orientation  of  the  transvacsa  of  image  on 
cathode-ray  tube  is  always  equal  to  onc-half  angle  of  a phase 
difference  of  the  input  voltage  of  sum-and-dif f erence 
block/rnodule/unit. 


-jr* 
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Tho  ratio  of  the  semi-axes  of  ellipse  from  (III. 6)  is  expressed 
by  the  formula 

A 2 (mil  — Ip) b ~ c 

+ /»*  --~P  — «')*  + 4 ('«  +«/')’ 

(8.69) 

indepehdent  of  phase  displacement  d). 


Supplementary  phase  displacement  of  voltages  on  tha  input  of  sum 
and  difference  block/module/unit  because  of  identity  of  oaannels 


A'h  =;  <1*  — ~ bi  cos  p sin  0. 

This  phase  displacement  creates  a change  in  the  angla  on  the 
scale  of  the  cathode-ray  tube 


Aa  — 0,5A<P  = 0,5  ^ b,  cos  ^ sin  0 ^ (8.70) 


and  the  azimuth  error 


Thus,  bearing  error  is  caused  by  the  dissimilarity  of  the 
arguments  (phases)  of  the  amplification  factors  of  the  chinnels  of 
receiver  to  sum  aid  difference  block/modu le/unit.  The  inequality  of 


DOC  = 77223224 


PAGE  ^2 

/ 

the  module/Boduli  of  the  factors  of  amplification  of  channels  is  led 
only  to  the  ellipticity  of  image  (H.69)- 

The  reasons  for  phase  displacement  of  voltages  of  channels  can 
be  different.  In  § 8.5  are  given  expressions  for  phase  displacement 
of  signal  carrier  freguency  in  single-channel  receiver  due  to  an 
inaccuracy  in  tha  tuning  for  signal  frequency  in  the  cases  of  the 
single  and  coupled  circuits  in  the  cascade/stages  of  amplification. 

If  the  channels  of  two-channol  receiving  inoicator  have  identical 
selectivity  curves  and  identical  resonance  frequencies,  then  an 
inaccuracy  in  the  tuning  for  signal  frequency  will  not  lead  to  a 
supplementary  phase  difference  of  output  voltages.  Using  the  given  in 
§ 8,4  formulas,  it  is  possible  to  calculate  phase  displacements  in 
the  different  cases  of  the  nouidenfity  of  channels  and  during 
imprecise  tuning  for  a two-channei  receiving  indicator. 

Page  493. 

In  [8.38],  are  carried  out  the  calculations  of  a supplementary 
phase  difference  '['Mane  of  the  output  voltages  of  two-channel 
receiving  indicator  for  the  different  cases  of  the  nonidentities  of 
channels  and  to  imprecise  tuning  on  the  frequency  of  sigaal  during 
application/use  in  the  cascade/stages  of  single-  ducts. 


DOC  = 77223224  PAGE 

In  Fig.  8.45  aro  given  the  dependences  of  supplementary  phase 
differences  of  output  voltages  ^m*ko  from  the  number  of 
cascade/stages  with  detuning  within  the  limits  of  passhand  for 
several  special  cases: 


; 

0) 

f! 

— — 

1.0 

S\  2A<u  = 

= 0.15c„, 

2 

1.0 

2Am  = 

= 0.2fie‘. 

3 

a£ 

5 = 

1.0 

i!(&  2Ato  = 

= 0.3Bo,.. 

4 

1 = 

1.1 

1I&  A'B  = 

= 0. 

5 

A^ 

5 = 

1.2 

hS’  A«  = 

= 0. 

Key:  (1).  for,  (2).  and. 

where  uq,  «2  are  signal  frequencies  and  resonances  of  first  and 

second  channels,  3i  and  - the  bandwidth  at  the  level  3.707, 

f;=5.  Aa,  = «,.-a... 

From  curves  it  follows  that  most  strongly  is  developed  tho 
dissimilarity  of  th®  resonance  frequencies  of  the  ducts  of  channels 
(Au) , the  dissimilarity  of  passbands  in  channels  (f)  it  manifests 


itself  less 


.i. 
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Fig.  8,45.  Depsndance  of  maximum  phase  differences  on  number  of 
cascade/stages. 

Page  494. 

Due  to  the  nonidentities  of  oJiannels  and  inaccuracy  in  the 
tuning,  can  appear  largo  errors.  Therefore  in  phase  radio  direction 
finder  for  obtaining  high  accuracy,  it  is  necessary  to  systematically 
control  and  respectively  to  regulate  the  identity  of  the  parameters 
of  channels  and  tneir  amplification  factors  in  phase. 
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In  the  receiving  indicators  of  phase  radio  direction  finders, 
are  applied  the  different  methods  of  the  complete  or  partial 
association  of  channels,  based  on  the  same  principles,  as  in 
aaplitude  radio  direction  finders  (see  § 8.4)  . 

Figures  8.46  depicts  set-up  with  conversion  of  frequencies  in 
channels  into  clcse  in  the  rating  of  frequency.  Let  the  voltages  on 
the  input  of  high-frequency  amplifiers  (UVCh)  will  be  0i  sin  at  and 
Uj  sin  (ur  ♦ *)  . To  first  mixer  (SHI)  of  one  of  the  channels,  is 
given  the  voltage  of  the  generator  Ur  sin  {u»rM-^r)-To  the  first  mixer  of 
second  channel,  is  given  the  voltage  from  the  output  of  the  second 
mixer  (SM2) , obtained  by  the  addition  of  the  voltages  of  frequencies  ®r 
and  I),  moreover  Q ®r'- 

U”r  sin  [(«,  + Q)  < -i-  ?r  + ?8l  • 

The  voltages  of  close  in  rating  intermediate  frequencies 

m'n  = (D,  — ® 

/\  and  ®"n  = ®r  — ®-f-(l  are  amplified  in  comraon/general/total  amplifier 
(UPCh) After  detector-mixer  is  obtained  the  voltage  of  frequency  D. 

If  in  channels  UVCh  and  in  channels  UPCh  phase  displacements  of  the 
amplified  frequencies  are  identical,  then  on  the  output  of 
detector-mixer  voltage  takes  the  f ormC/,sin(Q^4-ipr  — measured  phase 
difference  in  frequency  0 is  equal  to  a phase  difference  * in  high 
frequency  in  the  input  of  channels. 
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Pig.  8.46.  Block  iiagcam  of  two-channel  receiving  indicator  with 
frequency  conversion  in  channels  into  close  in  rating  of  value. 

Key:  (1),  detector-mixer.  (2).  Meter  of  phase  difference. 


Page  495. 

In  [1.14],  is  described  the  based  on  this  principle  more  compound 
circuit  of  phase  radio  direction  finder  for  the  direction  finding  of 
artificial  Earth  satellites. 

Figures  8.47  depicts  the  block  diagram  of  single-channel 
amplification  wita  the  transformation  of  signals  according  to  the 

method  of  heterodyning.  One  Of  the  voltages  of  signal  Ut  sin  ut  is 
fed  to  the  inputs  of  two  balanced  modulators  B1  and  32,  to  which  will 
be  f eed/conductei  also  the  voltage  of  the  reference  oscillation  of 
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Voltaye  O”  input  31,  where  they  enter  voltage  directly  and 
voltage  with  phase  displacement  90°  (in  Fig.  8.47  cell/e  le  went  (f  2 

- 90°)  , it  will  ba 

sin  ">/  -J-  cos  (O^  4-  tp^). 

Voltage  on  input  32,  where  enter  voltage  after  phase 
displacement  to  90°  ( ([»_  - 90°)  and  voltage  directly,  has  the 

expression 

«„  = U,  cos «,(  + Ug  sin  (0/  4-  ?>,). 

where  is  an  initial  phase  of  the  voltage  of  ieranoo  frequency. 

Output  potential  of  the  balanced  modulators,  connected  to  the 
input  of  receiver,  will  be 

Ue  = kU^Ug  [sin  lat  cos  (fl/  + ?,)  + cos  wt  sin  {Clt  -j-  <Pr)I— 

— U sill  [(«  4-  0)7  ’fr)- 


s 

J 

■‘^as 


J 


.1 
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Pig.  8.47.  Block  iiagcao  of  single-channel  receiving  inii^ator  with 
the  transf ornatioi  of  signals  according  to  the  method  of 
‘heterodyning. 

Key:  (1).  Receiver.  (2).  Indicator. 

Page  496. 

The  second  stress  Ug  sin  (ut  + #)  is  fen  to  the  input  of 
receiver  directly. 

After  sguare-law  detection  of  voltages  Uq  and  Uj , 

the  stress  componsnt  of  frequency  G: 

n,.x  = cos  (0/  + yr  + T).  (8.71) 


is  obtained 


OOC  « 77223224 
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A phase  difference  of  stresses  (B.71)  and  of  refecaoze 
oscillation  is  equal  to  a phase  difference  t of  the  voltages  of 
signal. 

For  the  excantion/elimination  of  crosstalk  before  the  balanced 
• ( 

Bodulators  in  channels*  can  be  provided  the  high>f requeue/ 
asplifiors.  However*  this  complicates  diagram.  To  diagram  are 
characteristic  the  deficiency/lacks*  connected  with  the 
application/use  of  nonlinear  cell/elements  in  receiving  circuit. 

« 

If  in  two-channel  receiving  indicator  of  phase  radio  direction 
finder*  is  used  sum-and-dif ference  block/module/unit*  then  the  part 
the  amplification  it  is  possible  to  realize  before  sum  and 
difference  block/module/unit  according  to  phase  principle,  the  part 
of  the  amplification  after  sum-and-dif ference  block/module/unit  - 
according  to  amplitude  principle.  In  this  phase-amplitude  receiving 
indicator  (see  § 2.3)*  are  somewhat  lowered  the  requirements  for  the 
identity  of  separate  cascade/stages  and  is  facilitated  the 
development  of  radio  direction  finder. 


Let  us  examine  an  example.  Let  the  amplification  and  selectivity 
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in  receiving  indicator  be  realized  in  essence  six  by  cascide/stages 
of  IF  amplifier.  He  are  assigned  A'u*8  and  by  permissible 
instrument  error  0.2^,  In  Table  8.3  ace  designed  the  permissible 
nonidentities  of  the  factor  of  amplification  of  one  cascid e/stage  in 
amplitude  and  in  the  phase  on  the  assumption  that: 

a)  all  the  amplification  carried  out  according  to 
phase-difference  method; 

b)  all  the  amplification  carried  out  according  to  amplitude 
method ; 

c)  are  2 cascade/stages  according  to  phase  method  and  4 on 
amplitude. 

] 

As  can  be  saan  from  Table  8.3,  reguirement  for  the  identity  of 
channels  in  the  third  version  of  receiving  indicator  somavhat  they  1 

J 

i 

descend  in  comparison  with  the  first  two  versions.  ^ 

Pago  4*37.  'i 

In  [9.24],  are  doscribed  the  results  of  the  tests  of  phase  radio 
direction  finder  for  frequency  land  J-30  MHz  with  antenna  system  of 
two  inutudlly  psrpandi  cular  pairs  of  the  vertical  wire  antannas  (Fig. 
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2.11).  For  direction  finding  wt*re  utilized  pairs  1-3  and  2-4  with 
separation  120  d and  pairs  1-2  and  2-3  with  separation  84,6  pi  with 
two-channel  receivinj  indicator.  For  the  resolution  of  mul tiformit y, 
was  applied  gonionetric  radio  direction  finder  with  diverse  vertical 
antennas,  were  compared  the  results  of  direction  finding  on  phase  and 
gonionietric  systems. 

The  average  guadLatic  instrument  error  of  systems,  determined  by 
direction  finding  at  frequencies  5-7  MHz  of  transmittac  at  a distance 
of  approximately  3-5  km  (terrestrial  wave),  rendor/showeJ : 


for  phase  radio  direction  finder  0.2°, 

for  goniometric  radio  direction  finder  1.5°. 

With  the  diraction  finding  of  95  remote  radio  stations  in  the 
range  of  freguencles  5-25  MHz,  the  readings  were  taken  daring  30-50  s 
for  each  performance.  Moan  square  errors  rendet/showed; 

of  pnase  radio  direction  finder  with  separation  120  n 1.24°, 
with  separation  84.6  m 1.4°; 

of  gonionetric  radio  dircfCtion  finder  3,48°. 
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Is  known  tha  application/use  of  a phase  radio  direction  finder 
in  ultrashort-Have  range  (200  PlHz)  for  radio-astronomical 
observations  and  tJie  direction  finding  of  the  artificial  Earth 
satellites  and  the  spacecraft,  in  radio  direction  finder  were 
utilized  two  parabolic  antennas  size/d  intensions  8 x 18  and  11  x 22 
in,  spread  up  to  distance  on  the  order  of  100  wavelengths  when  the 
lug/1  obe  of  radiation  pattern  was  equal  approximately  to  30  rain,  the 
accuracy  of  direction  finding  was  min  [8.11]. 


'b 

i 


■i 
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Table  8.3.  ftequira  Bent  s for  the  cascade/',  t aye  of  IF  amplifier. 


C/2 

MeT04  ne/ieHroM< 

Hlld 

1 AonyCTHM««  ii«OAKvaKOftocT4 

1 ycMfleHM* 

(3)  , 

no 

^ ^0  aMnjili. 

TXAe.  % 

^asosMil 

>AMn;iMTyA(ibif) 

l4>a30Bo-aMtniuTya- 

Hblll 

1 1 

nio5a<i 

1.8 

i — 

1 Jliofiaa 

1 +0,12 
±0.18 

Key;  (1).  Direction- finding  method.  (2).  Permissible  dissimilarity  of 
amplification.  (3).  on  phase,  deg.  (4),  in  amplitude,  n/o.  (5). 

Phase.  (6).  Amplitude.  (7).  phase-amplitude.  (8).  Any. 


Page  498, 


Pulse  radio  direction  finder. 


With  the  diraction  finding  of  pulse  transmissions,  it  is 
possible  ho  measure  not  a phase  difference  of  the  stresses  of 
antennas,  but  difference  in  time  began  the  inductions  of 
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momentuni/inipulse/p uises  in  diverse  antennas  of  radio  diceotion 
finder. 


The  simplest  diagram  of  pulse  radio  direction  finder  with  two 
diverse  antennas  is  depicted  on  Fig.  8.48. 

The  voltages  of  antetaias  A,  and  Aa  with  the  aid  of  3/ nchr onoasly 

i7 

switching  circuits  PPl  and  PP2  are  fed  to  the  input  of  receptor  and 

from  its  output  to  vertical  plates  of  cathode-ray  tuba,  voltage 

falls  on  the  platas  of  tube  d irectly,  voltage  A^  - aftar  calibrated 

delay  unit  and  raversor  of  phase  to  180°.  Timet  synchronizes  the 

frequencies  of  switchings  (PPl)  and  (PP2)  and  the  frequency  of  sweep 

circuit  which  is  coniiected  to  the  liorizontai  plates  of  cathode-ray 
c* 

tub«^. 

T 

i 

d 

s 


ijispwgyg 
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Fig.  8.48.  Pulse  radio  direction  finder. 

Key:  (1).  Pecaiviig  arrangement,  (2).  Delay  unit.  (3).  Raverser  of 
phase  to  180°-  (4).  Timer,  (5).  Sweep  circuit. 


Page  4 99. 
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By  delay  unit  they  attain  pulse  coincidence^  Time  diffsrance  of  the 
arrival  of  momantun/impulse/pulses  at  two  antennas  is  counted  off  on 
delay  unit,  i,e,. 

Delay  time  determines  bearing.  Countdown  is  facilitated  luring  the 
use  of  gauging  tin e/temporary  marks. 

The  accuracy  of  the  coincidence  of  raoiaentum/impulsa/pulses  can 
be  sufficiently  Large,  approximately  0.03  pulse  durations.  At  the 
same  time,  the  accuracy  of  direction  finding  is  obtained  low.  In  the 
directions  where  the  accuracy  of  direction  finding  is  graatest  (about 
perpendicular  to  base) , with  error  in  time  6t  angular  bearing  error 
will  be 

4 = 1-  3 . W; 

for  example  if  5t  = 0,0.3  ps,  2b  = 500  m,  A 1®. 

This  method  is  applied  for  the  direction  finding  of  atonospheric 
discharges  at  frejuencies  on  the  order  of  10  kHz.  In  [3.25%  is 
described  the  system  of  three  spread  up  to  distance  1/3  - 1/10 
wavelengths  of  the  vertical  wire  antennas  38  m in  height.  The 
determination  of  bearing  is  reduced  to  the  measurement  of  time 
difference  of  the  appearance  of  raomentum/irapu Ise/pulses  of 


A 

Vil 


< 
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atowospiiar ic  disciarryes  at.  the  output  of  three  identical  amplifiers, 
connected  to  antennas.  This  system  is  named  E - « by  system.  The 
accuracy  of  direction  finding  is  evaluated  approximately  at  u, 5-1®. 

8.8.  Radio  direction  finders  with  cyclic  measurement  of  phase  in  high 
frequency. 

The  operating  principle  of  phase  radio  direction  finlor  with  the 
rotatory  antenna  is  examined  in  chapter  2.  The  practical 
implementation  of  the  long  running  of  antenna  causes  considerable 
difficulties,  since  radius  of  gyration  must  be  great  in  order  to 
decrease  the  interference  errors  and  the  errors  of  local  environment, 
but  he  rotational  speed  by  sufficiently  high,  that  would  become 
possible  the  rapid  direction  finding. 


; Page  500. 
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\ 
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i 

For  overcoming  tha  indicated  difficulties  ia  radio  direction  finders, 
continuous  rotation  of  one  antenna  is  replaced  by  the  series 

I 

; connection  of  a series  of  the  antennas,  arrange/located  in 

\ 

circumference  (Fig.  S.49).  It  is  posssible  to  change  ovac  antennas 
with  the  aid  of  machanical  or  electron  commutator. 


I 

L 
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On  Ficj.  8.50  is  given  the  circuit  of  capacitive  camnu tator.  The 
stator  of  coBiButat  or  is  a series  of  plates  1,  2,  ...«  n, 
arrange/located  ia  the  circunif erence  to  which  are  conaectsd  the 
antennas.  The  plate  of  rotor  is  connected  with  receiver.  I t is 
possible  to  supply  several  receivers  from  one  by  antenna  of  system 
and  to  realita  simultaneous  direction  finding  of  several  stations, 
for  which  are  provided  several  plates  on  rotor.  Potor  rotates  with 
the  aid  of  motor.  When  the  plate  of  rotor  is  located  anov*  any  (for 
example,  the  k-th(  plate  of  stator,  is  obtained  the  greatest 
capacitiva  coupling  of  receiver  with  this  antenna.  The  phase  of  the 
stress,  removed  to  receiver  at  this  moment,  corresponds  ho  the  phase 
of  emf  induced  in  th?  k.  antenna.  When  rotor  turns  itself  and  its 
platG  will  stop  above  the  plate  of  following  antenna  (K  + 1), 
removable  on  recaiver  voltage  has  the  same  phases,  as  smf  (k  + 1) 
antennas.  In  the  intermediate  positions  of  rotot,  the  cscsiver  is 
connected  with  both  antennas  and  voltage  at  the  input  of  receiver 
gradually  changes  the  phase  from  value,  corresponding  to  einf  in  the  k 
antenna,  to  value,  corresponding  to  erat  in  (k  ♦ 1)  antenna. 
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Pig.  fl.49,  SwitctiLng  circuit  of  antennas. 


Key:  (1).  To  receiver. 


Fig.  8.  50.  Schematic  diagram  of  capacitive  commutator. 


Key:  (1).  TO  receiver. 
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Change  Oi.  the  phase  of  voltage  on  tho  input  of  receiver  which  would 
be  obtained  during  the  rotation  of  aingia  antenna,  is  shown  to  dotted 
curve  i:i  Fig.  8.51.  A change  in  the  phase  during  the  rotation  of  the 
rotor  of  commutator  is  represented  in  this  same  the  figucs  of 
unbroken  curve.  This  is  the  same  sinusoid  to  which  are  superimposed 
the  small  oscillations,  coiinectod  with  the  transition  of  the  plates 
of  rotor  from  coji  t unicat  ion/connection  with  one  antenna  to  the  next. 


Electronic  3witchin<3  can  he  carried  out  by  different  means.  Is 
most  expedient  the  at  plication/use  of  semiconductor  diodes,  which 
possess  a small  capacitance/capacity , small  resistance  to  the  current 
of  forward  direction  and  large  resistance  to  countercurrent.  An 
<=*'^att!plp  of  the  circuit  of  electronic  switeniag  is  represented  in  Fig. 
8,52.  Fach  of  the  a^l^■ennds  is  included  to  the  input  of  the  receiver 
through  the  same  commutating  circuit  which  is  depictad  in  figure  only 
for  one  antenna.  Point  A of  the  commutating  circuit  through 
resistor/resistance  Rj  is  connected  with  tho  impulser  froi  which 
during  entire  period  of  T ot  commutation,  with  the  exception  only  of 
short  intarval/gap  t,  is  fed  negative  voltage.  Positive  pulses  with 
duration  r are  fed  consecutively  to  each  antenna  and  during 
commutating  period  fall  on  whole  n antennas. 


1 


1 

■1 


1 
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Fig.  8.51.  Depenl>(u;e  of  phase  of  output  voltage  from  position  of 
rotor  of  coBmutator . 

Key;  (1).  Ph?se.  (2).  Angle  of  rotation. 

Page  502. 

Negative  voltage  at  point  A cuts  off  dioles  and  Dj , cutting  off 
the  antenna  circuit  from  the  input  of  receiver  and  turning  on  in  the 
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circuit  of  ths  antenna  load  resiater  Rg  and  triggers  the  1 iode  D3, 
which  closes  [)3int  A to  the  earth.  Throttle/choke  L serves  for  the 
transmission  of  the  uirect  current  of  diodes.  Positive  pulse  makes 
diodes  Dj  and  Dg  those  who  carry  out.  Antenna  is  connactel  with 
receiver  luring  si ort -circuited  resistor/resistance  Rg. 

Si  iiiultaueo  usly  is  cut  off  diode  D3  and  is  removed  short  circuit  to 
the  earth.  A change  in  the  phase  of  stress  on  the  input  of  receiver 
(Fis.  8,53)  occurs  irregularly  in  accordance  with  the  connection  of 
tho  new  antenna  through  time  intervals  r. 

With  any  metuod  of  com  niu  t at  ion  in  the  input  of  receiver  enters 
the  voltage  of  the  high  fre<3uency  of  a Iternating/var iable  phase, 
i.e.,  phase  moiiulated.  The  period  of  modulation  is  egual  to 
commutating  periol  a the  initial  phase  of  modulation  curve  it  is 
equal  to  bearing.  Phase-modulated  oscillation  is  also  frsguency 
modulated,  since  frequency,  equal  of  derived  phase  on  time,  in 
alter nat ing/var iab le  phase  will  be  variable. 

For  the  manifestation  of  the  phase  of  the  curve  of  modulation, 
i.e.,  bearing,  it  is  necessary  to  produce  demodulation,  isolating 


modulation  curve 
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radio  direction  finder  in  question. 

Frequency  chauqe,  caused  by  the  displacement  of  observation 
point  at  constant  velocity,  he  is  called  the  Doppler  effect.  In  the 
radio  direction  finders  in  question  frequency  change  is  obtained  also 
as  a result  of  tha  real  or  equivalent  displacement  of  antenna. 
Therefore  radio  direction  finders  of  the  type  in  question,  in  which 
is  utilizad  frequancy  modulation  for  the  indication  of  bearing,  call 
quasi- Doppler  radio  direction  finders.  Of  two  the  methods  described 
above  of  commutation,  mechanical  method  is  more  adapted  for  use 
during  frequency  detection.  Actually,  Piq . 8.51  shows  that  the 
derivativa  of  phase  in  terms  of  time,  i.e.,  frequency,  changes  in 
essence  according  to  cosinusoidal  law  with  the  period,  equal  to  the 
period  of  the  rotation  of  commutator.  On  this  fundamental  curve  are 
superimposed  the  frequency  variations  with  the  period,  equal  to 
transit  time  from  one  antenna  to  following.  These  oscillations 
subsequently  easily  can  be  filtered  out.  In  the  case  of  alectronic 
switching  (Fig.  8.5.1)  the  derivative  is  turned  theoretically  into 
infinity  at  the  torque/moments  of  switching  antennas  and  it  is  equal 
to  zero  (i.e.  frequency  is  constant)  in  the  interval/gi ps  between 

'iA 

switchings. 
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Fiy.  8,53.  change  in  phase  of  output  voltage  with  c»ls;stronic 
svit.ching. 

Key:  (1).  Phase- 

Page  504, 

Virtually  transiait  phenomena  during  switching  occur  not  instantly 
and  the  overshoots  of  frequency  have  the  finite  quantity  and  the 
final  duration,  wtiich  depend  on  the  character  of  transient  process. 
The  use  of  the  obtained  frequency  modulation  causes  considerable 


i 
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difficulties. 

The  realization  of  phase  demodulation  is  possible  only  by  the 
path  of  the  comparison  of  two  oscillations  a phase  difference  of 
wh  ich  is  isolate!  by  the  phase  discriminator. 

During  the  lescription  of  the  operating  principle  of  radio 
direction  finders  with  the  rotatory  antenna  and  the  ph ase- difference 
method  of  reading  (§  2.3)  was  examined  the  easiest  method  - 
comparison  of  tha  phase  of  the  stress  of  the  rotatory  antenna  with 
the  phase  of  the  stresses  of  motionless  antenna.  Usually  is  applied 
another  mathoi;  ace  compared  the  phases  of  the  stresses  in  two 
adjacent  antennas,  for  this  purpose,  the  voltage,  removed  from  any 
antenna  (for  example,  the  k-th),  is  delayed  by  the  filter  of  time 
delay  of  time  r.  This  delayed  voltage  and  the  undelayed  voltage  (k  t 
1)-1  antennas  are  compared  between  themselves  on  the  phase 
discriminator.  The  radio  direction  finders  in  which  is  utilized  phase 
modulation  by  means  of  the  comparison  of  the  voltages  of  two  adjacent 
antennas,  they  are  called  differential-phase  radio  direction  finders. 
Electronic  switching  makes  it  possible  to  carry  out  a 
differential-phase  direction  finding  simpler  than  mechanical. 

Let  us  examine  the  considerations,  which  determine  the  selection 
of  the  main  pacamaters  of  phase  radio  direction  finder  with  the 
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switched  antennas. 


Diameter  sf  a circle  along  which  are  arrange /located  the 
antennas,  it  is  desirable  to  make  largest  possible  for  a decrease  in 
the  local  and  interference  errors.  In  § 5.3  it  is  shown,  that  an 
increase  in  the  separation  of  antennas  up  to  2R/k  -■  3-4  sharply 
decreases  local  errors.  A further  increase  in  the  separation  snaller 
affects  local  errors. 


Final  dimension  is  establish/installed  as  compromisa  between  the 
given  requirement  and  structural/design  and  operating  requirements. 

Page  505. 

For  ieteraining  the  necessary  number  of  antennas,  1st  us  examine 
the  spectrum  of  signal  during  the  rotation  of  single  antenna.  The 
voltage,  removed  to  the  input  of  receiver,  is  equal  (2.19)  with  p = 0 

e = Em  sin  [«( -j-  mR  cos  (0(  — 0)].  (8.72) 

From  the  theory  of  frequency  modulation,  it  is  known  that  the 
spectrum  of  the  frequency-modulated  or  phase  signal  consists  of  the 
infinite  series  of  the  side  frequencies,  which  differ  in  frequency 
from  the  carrier  on  +k0,  where  k is  a number  of  harmonic,  and  that 
the  essential  for  reproduction  side  frequencies  range  from  7 to  MQ, 
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where  M is  an  index  of  modulation.  In  this  Qixse  Utilizing 

the  changed  over  antennas,  we  replace  continuous  moduLatisn  curve 
together  of  its  discrete  values  at  the  points  of  antenna  location. 
According  to  KotelniKov  theorem  for  the  reproduction  of  curve  to  the 
limited  spectrum  together  of  its  discrete  values  the  distance  between 
discrete  points  At  must  satisfy  the  condition 

A/ <27;.  (8.73) 


where  fc  is  a boundary  of  the  spectrum  of  curve. 

A SSi^ne-' 

1^  = ^,  W3  obtain  foe  angular  distance  between  the  antennas 

8,  = £1a<<^=J! 

^ 2fo  M 2/f 


and  for  the  linear  distance  d 


(8.74) 


Thus,  the  distance  between  antennas  must  be  less  than  the  half 

of  wavelength-  In  the  case  of  differential-phase  direction-finding 

method,  this  condition  provides  the  absence  of  multif ormity. 

Actually,  the  difference  of  phases  ^ of  the  voltages  of  two 

antennas,  arcange/located  at  angles  ■Oh  and  Oh^,-i.  it  is  equal  to 

«)»  = /«/?  sin  (»A+,  — 0)  — mR  sin  (»*  — 0)  = 

« 2mR  cos  - 0 j sin 

Paye  506. 
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The  distance  between  adjacent  antennas  is  equal 

d = 2/?  sin  2R  sin  . 

4 

Thus,  we  obtain 

4*  ^ md  cos  ^A±i±h.  _ 75^ 

For  proviiinq  tha  uniqueness,  a maxiraura  phase  difference  must  be  less 
» and,  therefore,  d < X/2.  Virtually  the  distance  betwaen  antennas 
takes  ordar  X/3.  It  is  possible  to  increase  the  distance  between 
antennas  to  d = X.  This  corresponds  to  the  contraction  of  the  band  of 
the  reproducible  frequencies  2 tiroes,  which  still  barsly  affects  the 
distortion  of  the  form  of  curved  phase  modulation.  For  an 
exception/eliainat ion  in  this  case  of  the  multivalenca  of  readings  is 
conducted  the  twofold  differential  comparison  of  the  phases:  voltage 
with  differential  phase  (8«75)  is  delayed  in  the  second  filter  of 
time  delay  of  tin*  r and  is  compared  with  undelayed  voltage  [8.19], 

The  velocity  of  cotation  or  confutation  of  antennas  is  selected, 
preceding  from  tha  considerations,  given  in  § 8.6. 

As  single  antennas  arc  aptjlicd  symroatrical  or  asymaatric 
vibrators.  Tha  interconnections  of  working  antenna  with  inoperative 
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cause  suppleoentac y changes  in  the  phase  of  the  stress  in  antenna. 
The  frequency  of  tlieso  changes  is  higlier  than  the  fraguancy  of 
fundaniental  phasa  raoilulation,  and  during  sufficient  filtration  they 
do  not  affect  bearing.  Requirements  for  the  degree  of  filtration  are 
reduced  with  a dacrease  in  the  effect  of  the  inoperative  antennas. 
For  this  purpose,  in  the  circuit  of  the  inoperative  antenias  it  is 
possible  to  involve  relatively  high  resistor/resistances  (see  Fig. 
8.52) . 


The  passband  of  the  frequencies  of  the  receiver  in  high 
frequency  must  be  selected  in  accordance  with  the  width  af  the 
spectrum  of  signal,  i.e.,  must  be  more  than  In  quasi-Doppler 

radio  direction  finders  must  be  provided  sufficiently  small  phase 
displacement  of  modulating  cur'e. 


Page  507, 


The  necessary  passband  is  designed  from  data  of  § 0.5,  in 
differential-phasa  radio  direction  finders  phase  displacement, 
common/general/total  for  both  compared  voltages,  are  not  caused  the 


errors. 


Frequency  stability  of  signal  is  especially  important  for 
differential-phaca  radio  direction  finders.  During  the  divergence  of 
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signal  fraquencry  from  thp  nominal  frequency  of  the  filter  of  time 
delay,  the  signal  carrier  frequency  undergoes  in  filter  phase 
displacement.  The  value  of  phase  displacement  must  not  be  great  and 
in  sum  with  the  maximum  value  of  alter nat ing/variable  phase  must  not 
exceed  v.  They  usually  limit  phase  displacement  by  carrying  value 
10-200. 


For  operational  provisions  of  the  filter  of  time  delay  at  stable 
frequency,  it  is  possible  to  utilize  the  circuit  of  conversion  of 
frequencies,  in  which  the  voltage  frequency,  which  enters  the  filter 
of  time  ualav,  is  equal  to  the  frequency  of  the  local  oscillator.  Tha 
latter  is  stabilized  by  quartz  (see  Fig.  8.55). 

Passband  from  low  frequency  is  determined  basically  by  the  time 
constant  of  indicator.  It  can  be  undertaken  in  accordaacs  with  the 
necessary  velocity  of  search  and  trackings  (§  2.6)  . 

The  measurement  of  phase  in  output  is  conducted  by  one  of  the 
methods,  described  in  § 8.6. 

Because  of  tne  possibility  of  using  the  different  switching 

circuits,  the  different  methods  of  the  rasasurement  of  phase  and 

different  structure  nf  receiving  indicator,  is  obtained  the  large 

number  of  versions  of  the  fulfillment  of  radio  direction  finders  with 
the  cyclic  measuz’ement  of  phase  In  hich  frequency. 
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Pigs.  8.54  and  8.55  show  two  variations  of  block  diagrams  [8.20, 

8.21,  8.19] 


8, 


54 


depicts  the  block  diagram  of  guasi-Doppler  radio  direction  finder, 
motor  revolves  capacitive  the  comniutator  of  antennas.  On  one  shaft 
with  motor,  is  located  also  generator  of  reference  voltages,  which 
creates  two  voltages  of  frequency  Q,  shifted  between  themselves  on 
phase  to  90°,  Initial  phase  of  one  of  the  reference  voltages  is  such 
that  voltage  is  passed  through  zero  at  that  torgue/monent  when 
coramatator  realizes  a maximum  antenna  coupling,  which  is  found  on  the 
initial  line  of  the  calculation  of  angles  (line  north  - south).  The 
voltage  of  high  frequency  from  commutator  will  be  feed/con ducted  to 
amplifier  (UVCh) . 


Page  508. 

Further  it  is  converged  in  mixer  (Sm)  with  the  aid  of  tli»  local 
oscillator  and  is  amplified  in  amplifier  of  intermediate  frequency 
(UPCh) , The  intensive  voltage  is  limited  in  amplitude  limiter  and  is 
detected  by  the  Fn  discriminator.  After  amplification  on  low 
frequency,  output  voltage  is  compared  with  respect  to  phase  with 
reference  voltages.  Bearing  is  read  from  indicator. 

Figure  8.55  iepicts  the  circuit  of  differential-phase  radio 
direction  finder,  Thr>  electron  commutator  is  controlled  by  impulser. 
Momentum/imp'ilse/pu Ises  from  sensor  come  also  electronic  reference 
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genox-dtor,  convert  iriij  into  them  two  sine  voltages  of  the  freguency  of 
commutation,  shifted  one  relative  to  another  on  phase  to  30®.  These 
two  voltages  supply  indicator. 


The  auxiliary  omnidirectional  antenna  is  applied  in  this  circuit 
for  the  frequency  conversion  of  signal  into  the  stable  frequency, 
determined  by  the  heterodyne,  stabilized  by  quartz.  Voltages  from 
commutator  and  from  auxiliary  antenna  enter  the  independent 
high-frequency  amplifiers  (UVCh)  and  mixers  1),  supplied  from 

comm on/general/tot al  heterodyne. 
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Fig.  8.5a,  Blork  lidgcam  ol  quasi- Doppler  radio  direction  finder. 

Key;  (1).  Comautator  of  antennas  (2).  To  antennas.  (3).  Limit.  {4j  . 
Uetarodyne.  (5)..  rhe  PM  discriminator,  (6),  Motor,  (7).  Generator  is 
supporting/ref erence.  voltag'='.  (8).  numecatur.  (9).  indicator. 
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Page  509. 


Fig.  8.55.  Blo-k  iiagcam  of  differential-phase  radio  direction 
f i nder. 


Key;  (1).  Comautator.  (2).  Impulser.  (3).  reference  generator.  (4) 
Indicator.  (5).  Amplifier-  (6),  Limiter.  (7).  Filter  of  time  delay 
(8).  The  phase  discriminator.  (9).  Heterodyne-  (10).  Aujrijiary 
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antenna.  (11>-  Mixei:. 


Page  510- 

The  obtained  voltages  of  intermediate  frequency  separately  are 
amplified  in  IF  aaplifiets  (UPCli)  and  (PCh)  . The  voltage  of  the 
intermediate  frequency  of  the  channel  of  auxiliary  antenna  is  nixed 
in  the  mixer  with  the  voltage  of  the  quartz  heterodyne  of  frequency 
As  a result  of  transformation,  ic  obtained  the  frequency  fwi—fun-  The 
voltage  of  this  frequency  is  mixed  in  second  mixer  (SM2|  with  the 
output  voltage  (IPZh  of  fundamental  channel,  forming  voltage  of 

— fun)  ^fun, 

frequency  /\  Tnus,  out['Ut  potential  of  second  sixer  has  the 

stable  fraquency,  equal  to  the  frequency  of  quartz  heterodyne  and 
independent  of  the  ftequenc:y  of  signal  and  frequencies  of  the  first 
heterodyne,  and  also  from  their  possible  changes. 

After  additianal  voltage  amplification  of  signal  undergoes 
amplitude  limitation  and  is  fed  to  the  phase  discriminator  directly, 
also,  through  the  filter  of  time  delay.  In  this  filter  tha  signal  is 
delayed  to  the  time  r = 2ir/nD,  equal  to  timu  of  the  switching  on  of 
one  antenna.  The  phase  discriminator  develops  a voltage  the 
frequency  of  commutation.  The  latter  is  compared  with  respect  to  the 
phase  with  refarence  voltages  ir  to  indicator  it  gives  directly  the 
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8.9.  Autonation  of  removal  and  ave’^aging  of  bearing. 


tJritil  now,  wa  examined  the  radio  direction  finders  in  which  the 
bearing  is  counts!  off  by  operator.  With  direction  finding  the 
operator  takes  either  one  reading,  averaged  for  time  of  observation 
or  he  reco rd/wr its s several  readings  and  is  designed  of  them  average 
bearing. 


Wore  de velop/processcd  also  the  methods  of  autoaatic,  without 
participation  oparator,  the  removal  of  the  readings  of  bearing  and 
their  averaging  [3.31,  8.32]. 


The  block  diagram  of  radio  direction  finder  with  automatic 
removal  and  the  averaging  of  readings  is  shown  in  Fig.  8,58.  The 
converter  of  the  output  voltage  of  receiving  indicator  converts  the 
voltage  of  receiving  indicator  so  that  it  becomes  convenient  for  the 
calculation  of  the  angle  of  bearing.  Under  the  action  of  the  signals 
of  the  circuit  of  control  according  to  predetermined  program,  are 
open/disclosed  the  circuits  of  counte r-su mmator  of  the  values  of 
bearings  and  connter  o.'  nunihti  of  readings,  and  on  termination  of 
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averaginy  time  is  switched  on  resolver,  which  develops  average 
bearing  as  quotient  of  the  division  of  counter  readouts. 

jpage  511^  Instead  of  the  addition  directly  of  readings,  it  is 
possible  to  sumnarize  other  parameters  from  which  is  determined 
average  bearing.  During  addition  and  calculation  of  average  bearing, 
can  be  considered  the  weights  of  readings,  proceeding,  for  example, 
from  the  signal  amplitude  and  character  of  bearing  (allipticity  of 
image  in  two-channel  radio  direction  finder,  etc.). 
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Most  simply  pcolile.m  is  solved  in  radio  compasses  with 
installation  on  baaring  of  antenna  system  or  intermediate  element 
between  antenna  system  and  receiving  indicator  (goniomatar,  phase 
inverter,  the  antanna  commutator).  For  the  reading  of  bearing,  it  is 
not  required  to  transform  the  output  voltage  of  receiving  indicator, 
it  is  necessary  to  only  determine  the  position  of  the  axis  of  the 
rotatable  cell/element.  It  is  possible  for  this  to  the  axis  of 
rotation  to  mount  dick  with  several  concentric  path/traexa  each  of 
which  with  the  aid  of  commutator  bars  or  photocells  issuas  the  bit  of 
the  code  of  the  position  of  axis.  Figures  8.S7  shows  tha  location  of 
commutator  bars,  or  the  darkened  bands  on  disk,  with  indication  with 
accuracy  1/64  about  (6  bits).  On  line  AAj,  are  establish/installed 
the  detachable  brashes  or  the  photocells,  which  record  tha  angle  of 
axis.  In  Fig.  8.57  aiigular  indication  corresponds  to  110,101.  This 


In  Fig. 
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means  that  the  position  of  axis  corresponds  to  53/64  cir::tt inferences 
from  the  beginning  of  calculation.  For  the  elimination  of  the  errors, 
connected  with  the  reading  of  code  on  the  boundaries  of  sactors,  is 
developed  the  special  code  of  Gray,  and  are  also  proposed  other 
methods  [8.30]. 
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Fig.  8-56.  Radio  dirffction  finder  with  automatic  removal  and 
averaging  of  bearings. 

Key:  <1)*  Counter  is  the  sutnmator  of  bearings.  (2).  Antenna  system. 
(3).  Receiver  display.  (4).  Voltage  converter.  (5).  Circuit  of 
control.  (6).  Delivery  of  average  bearing.  (7).  Countar  of  a number 
of  readings. 


Page  512. 


Encoders  with  optical  disk  are  released  for  a reading  to  16  bits 
(65^536  fixed/recorded  points).  For  obtaining  average  bearing,  must  be 
utilized  the  lattsr  of  four  cell/elements  of  block  diagram  (Fig.^.t>>) 
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On  Fig,  8,58  is  given  block  diagram  for  taking  of  bsiriag  in 
radio  direction  findt^r  with  servo  system  without  the  application/use 
of  code  disk  [8,32], 

By  tie.  ssrvonotor#  controlled  by  output  receiver  current,  search 
coil  of  goniometer  is  installed  on  the  bearing  which  usually  is 
counted  off  for  tie  bearing  which  usually  is  counted  off  on  the 
scale.  Dn  the  disk,  rotated  by  special  motor  (25  Hz)  and  not 
connected  with  the  axis  of  goniometer,  is  establish/installed  the 
photocell  which  creates  current  pulse  in  flip-flop  2,  when  on  it 
falls  light  beam  from  mirror  on  the  axis  of  goniometer.  When  the 
photoeleme nt  on  disk  passes  the  position  of  reference  point,  is 
closed  by  relay  and  flip-flop  1 it  creates  monentum/inipulse/puisB  for 
the  beginning  of  calculation.  Time  interval  between  the 
premise/impulses  of  flip-flops  1 and  2 is  record/fixed  by 
multivibrator  and  is  filled  with  clock  pulses. 

The  clock  puLaes,  which  are  created  by  the  gear  of  motor,  are 
form/shaped  with  flip-flop  3 and  through  the  modulator  fall  on 
counter  1.  Simultaneously  on  counter  2 is  checked  the  number  of 
readings,  corresponding  to  tlie  number  of  revolutions  of  disk  with 
photocoll. 
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Fig.  8.58.  Block  diagram  of  automatic  removal  of  bearing  in  radio 
direction  finder  with  servo  system. 

Key:  (1).  Goniometer.  (2),  Acoustic  test,  (3).  Heceivec.  (4).  Scale. 
(5),  Servo-motor.  (6).  Mirror.  (7),  Photocell.  (8), 
Moraentum/inpulse/p  ulse  it  began.  (9).  Relays.  (10).  Flip-flop. 
Multivibrator.  (12).  Counter.  (14).  Resolver.  (15).  Hz  motor. 


(11) 
(1&)  . 
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Gear  wheel  (17).  teeth. 

Page  514. 

In  phase-inetar  radio  direction  finder  the  removal  of  reading  is 
reduced  to  the  measurement  of  a phase  difference  between  modulating 
voltage  of  the  frequency  of  rotation  in  the  output  of  receiving 
indicator  and  the  reference  voltage.  For  the  measurement  of  phase 
difference,  it  is  possible,  for  example,  eacges  of  tha  mantioned 
voltages  to  ersate  the  short-term  momentum/inipulse/pulses,  which 
correspond  to  the  zero  (with  increase)  instantaneous  values  of 

51 

voltages,  and  to  fill  time  interval  netwacn  them  with  deck  pulses.  ^ 

For  the  averaging  of  bearing,  it  is  possible  to  use  circuit,  ; 

analogous  Fig.  8. 5G.  ' 

In  phase-meter  radio  direction  finder  with  the  high-spin  motion 
of  acute/sharp  radiation  pattern,  appears  the  problem  of  determining 
the  middle  of  major  lobe  of  the  diagram  which  can  be  solved  by 
following  method.  The  limiter  of  receiving  indicator  isolates  two 
symmetrical  points  of  major  lobe.  During  the  passage  cf  the  first 
point,  begins  tha  calculation  of  counter  pulses  of  constant 
capacitance/capacity  (on  N of  moma nt um/im pulse/pulses)  . Between  the 
first  and  second  points  the  period  of  pulses).  Between  the  first  and 
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second  points  tha  period  of  pulses  is  equal  to  T,  after  the  second 
point  they  take  r/2.  Let  between  points  it  is  containned  by  n of 
raomentum/impulse/pulses.  Counting  ot  n pulses  will  end  after  the 
beginning  after  the  interval  of  tiae 

From  formula  (8.76)  it  is  evident  that  the 
raomentuni/iinpulse/pulse,  shifted  against  direction  of  rotation  in  the 
angle,  which  corresponds  count  time  NT/2,  coincides  with  the  middle 
of  the  main  lobe  af  radiation.  After  determining  the  midlle  of  major 
lobe,  it  is  possible  to  determine  single  reading  and  then  the 
averaged  bearing. 

Figures  8.59  gives  the  block  diagram  of  the  devise,  which  makes 
it  possible  to  carry  out  automatic  removal  and  averaging  of  bearings 
in  two-channel  radio  direction  finder. 

The  output  voltages  of  two  channels  of  receiving  indicator  ace 
converted  in  mixers  1 and  2,  roreover  the  voltage  of  second  channel 
simultaneously  is  shift/sheared  on  phase  to  90®,  for  this  into  the 
common/ger' ecal/tot  al  heterodyne  before  mixer  2,  is  inoluJed  the  phase 
inverter,  which  shifts  phase  to  90®. 
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Output  voltages  by  mixer  Ui  = E cos  0 und  IJ^  = jE  sin  0 
store/add  up  and  are  deducted  in  sum-and-difference 
block/modu le/uni t;  as  a result  is  obtained  the  total  voltage 

U^—E  (cos  0 -I"  / sin  ^0  ~ 

the  differential  voltage 

E (cos  — / sin  fj)  — ffc 

In  the  measuring  unit  of  a phase  difference,  is  ietarmined  the 
phase  difference  ^ of  stresses  and  which  is  egual  to  the 

doubled  angle  of  bearing  2ff.  Two-place  bearing  is  defined  as  half  of 
a phase  differenca  4». 

A phase  difference  Can  be  measured  according  to  the  method, 
described  for  phase-meter  radio  direction  finder.  By  the 
application/use  of  suppiementar v nondirect iona 1 antenna  it  is 
possible  to  obtain  single-valued  bearing.  Reading  circuit  and 
averaging  does  not  have  special  feature/peculiarities. 

If  the  output  voltages  of  channels  due  to  the  dissimilarity  of 
the  amplification  of  channels  will  be 

£,  = £cosf)  H £,^-rt^sin 
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where 


whence 


PAGE  >2^ 

U^~E (cos '1 4- /<7  sin  Oe''^)  — £,e'*', 
U^  — E (cos  0 — ja  sin  Oe'4  = E^. 


ti;y= 


a ^lll  ()  iii>  f 
v<js  S - o sin  9 sin  y’ 
o sill  9 cos  f 
ms  9 -f  n sin  9 sin  f ’ 


_?£‘es_ 

I — a’  IR>  9 


COS  9. 
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Fig.  8. '39.  Block  iiajtram  of  the  automatic  ceifloval  of  rsalings  in 
two-channel  radio  direction  finder. 

(1).  Channel  1 of  receiving  indicator.  (2).  To  antenna  system.  (3). 

/ 

Heterodyne.  (4).  Sura-difference  block/niod ule/unit , (5).  Measuring 
unit  of  a phase  difference.  (6) . Circuit  of  averaging  and  readings, 
(7).  Phase  inverter-  (3).  Channel  2 of  receiving  indicator. 


Page  516. 

From  formula  (8.77)  it  is  evident  that  in  this  case  is  observed 
the  same  error  as  in  usual  two-chanjiel  radio  direction  finder  [see 
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(4.9  1. 


Conssguently,  iiv  a dt-fticri  bed  manner  i;-  determined  the  direction 
of  the  transverse  of  the  ir.aye  of  bearing,  nonidentity  of  the 
amplification  of  channels  giving  to  by  the  same  errors,  as  in 
two-channel  radio  direction  finder. 

Phase  displacement  2 angle  of  90®  - 6 (instead  of  90®) 

causes  supplementary  ellipticity  and  the  same  error  as  nonidentity  of 
the  phases  in  channels,  with  the  imago  of  parallelogras  an  the 
cathode-ray  tube  of  two-channel  radio  direction  finder,  does  not 
occur  the  readings  of  two  bearings.  Separate  readings  correspond  to 
the  direction  of  major  axis  of  one  of  the  ellipses,  drawn  on 
cathode-r-.y  tube  (see  8,3).  The  averaged  reading  must  correspond  to 
direction  of  one  of  the  diagonals  of  parallelogram. 
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CHAPTER  9 

TESTS  0?  RADIO  DIRECTTOrJ  FIHDERS 
Diet  of  DcBlgnatlons  Appearing  In  Cyrillic 
k,.„  ■ k,,.  « scaling  factor 

I*H  6 1 

B ■ fair  ■ fairlead 
BHX  - out  “ output 

M « 1 ~ (definition  undetersilnc’d) 

K M comp  - compensating 

MaKc  ■ max  -«  naxlnun 

ii  ••  load 

Hc  » aoym  ■ asymnetr.lc 
n ■ f " field  coll 
P,  p ■ loop 

(p  ■ f (1  • feeder 
3 B St  ••  standard 
0 B V B variometer 

rCC  B SSG  «•  standard  nlenal  generator 
3 B ground 

I’lellmiimry  teste  of  rad’o  direction  finders  are  perfoamed  in  laboratories, 
final  ones  f.i-e  perfornic-d  In  real  operating  conditions  of  the  direction  finder. 

9.1,  l.nborrtory  Teats  of  IT  recti  on  Finders  v/lt'n  a Rotating  Loop 

Scpfirnt'-’  , -mri.fi  of  the  direction  finder  (the  loop,  variometers,  etc,)  require 
no  upcclnl  tenits  other  than  normal  ont-fl  — measurement  of  Inductance,  capacitance, 
reristflnoc,  and  oou],  ling  coefficient.  Ve  shall  not  dvell  here  on  roethods  of 
mcRMurcBcnt  of  tiitKo  i.inf;nituc!os . 


1^ 


During  laboratory  testing  of  the  direction  finder  as  a whole  by  a generator  of 
etandarJ  algnala  there  is  required,  analogously  to  nemal  ineasureir.ent  of  receivers, 
Alee  of  an  equivalent  antenna,  A peculiarity  of  the  given  case  Is  that  receiver- 
dli'ectlon  finder  is  fed  aimultaneoualy  from  two  antennasi  a loop  and  an  open 
antenna,  where  the  virtual  height  of  the  loop  changes  In  a wide  range  with  change  of 
wavelength,  and  the  phase  of  the  emf  induced  in  it  differs  by  90'^  from  the  [haoe  of 
the  emf  in  the  antenna,  yurthemore,  ordinary  generators  of  standard  signals  have 
an  asynmetrlc  output  (one  pole  usually  is  grounded).  Connection  of  output  terminals 
of  the  generator  to  the  loop  creates  a ay«i?et»*y  of  Its  circuit,  which  may  not 
correspond  to  real  operating  conditions  of  the  loop. 

In  Vlg.  9.1  there  la  presented  the  circuit  of  the  equivalent  of  the  antenna  and 
the  loop,  considering  these  peculiarities.  Parameters  of  the  circuits  are  celected 

I " 

In  such  a nanner  that  L ^ + I.  ^ « Lq,  where  Lq  ••  Inductance  of  the  loop;  L^,  C^, 

^a  *^fatr  Ihduotancv,  capacitance,  and  Mrr.lstance  of  the  antenna  and  capacitance 
of  its  fclrlead.  Under  these  conditions  the  receiver  has  normal  load  both  from  the 
loop  and  from  the  antenria. 


?lg.  9.1.  Diagram  of  equlv- 
al.vnt  of  antenna  and  loop. 


Then  we  select  R » uX^;  then  the  current 
through  winding  with  sufficient  occu.acy 
(with  error  of  if  H > can  be 

expressed 

> £ 

where  E — output  voltage  of  generatcr, 

I " 

The  emf  Induced  in  coils  L ^ and  1,  g, 
will  be 


£',=.y.Aj/,=/r^£. 

and  voltage  on  resistance  R^,  corresponding  to  the  emf  in  the  antenna,  is  equal  to 

I )t 

Coupling  between  cotlu  and  L ^ lo  made  variable  by  alno  lav/ 

Af  Af  igpMf  Sin 

During  real  work  the  emf  In  the  frame  la 


the  emf  In  the  antenna 


lb 


EpT^jEhfi'in'l, 


W«  •dilute  B „ - E «nii  oE  - E,  where  a — ft'.':  t,')r,  r/ll  1 '^)l  ^■■ 

coavo-ii  1 i;nt]y  no  I > i.tvl  ('q\ini  t<i  (my  rotiiKl  iiilt.Ih;)'  (1,  ,,...1/?,  1/Sj  l/l  > 


’•’ro:n  this  we  find 


— s=-^  nnd-gjlv-llas'^. 

« kfK  htR  Rn 


Since  la  proportS  onal  to  freqnencj' 


J.IO'’' 


the  laee  equality 


la  realisable  In  the  whole  range  of  frequenclen.  From  it  we  find  after  which, 

given  a,  we  find  R.  The  reading  on  the  divider  dial  of  the  generator  of  standard 
signals,  multiplied  by  a,  gives  field  strength  In  nlcrovolts/meter. 

By  this  circuit  we  can  perform  the  following  teotai 

1.  Determining  sensitivity  of  the  radio  direction  finder,  i.e,,  the  field 
strength  which  Is  required  to  ensure  posalbllity  of  direction  finding  with  error 
not  exceeding  a given  value.  For  this,  there  is  determined  that  vrsltage  from  the 
generator  of  steindard  signals  at  which  bearing  is  read  with  the  given  accuracy.  From 
the  voltage  field  strength  is  calculated, 

2.  Check  of  exactness  of  determination  of  direction.  Switching  on  the  direction 
firider,  wp  find  field  strength  «nd  In  two  positions,  oorrpspondlng  to  deter- 
mination of  the  direction,  with  constant  output  voltage.  Depending  on  the  scheme 

for  detennlnlng  direction  these  positions  can  be  established  either  In  the  receiver 
Itself  by  turning  the  variometer,  switch,  and  so  forth,  or  by  turning  the  loop.  In 
the  last  case  In  the  test  circuit  turn  of  the  loop  is  replaced  by  turn  of  variometer 

t « £w 

L g-L  2 from  the  position  corresponding  to  to  position  Relation 

characterizes  exactness  of  determination  of  direction, 

J,  Check  of  compensation  for  antenna  effects.  The  problem  Is  to  determine  the 
relative  emf  of  the  antenna  effect  which  cem  be  compensated.  It,  obviously.  Is  equal 
to  the  msuclmum  emf  created  by  the  compensator.  To  determine  this  value  we  determine 
field  strength  Eq,  creating  normal  output  voltage  with  the  position  of  the  compen- 

I " 

sator,  corresponding  to  zero  emf  of  compensation.  Then  we  turn  variometer  L g-D  g 
until  we  obtain  zero  emf  In  the  3oop  circuit  and  the  place  compensator  in  the 
position,  giving  maximum  compensation  emf.  In  this  position  v.-e  again  determine  field 

Eo 

strength  giving  the  same  output  voltage.  Ratio  ti gives  the  value  we 

P ■‘^comp 

sought. 
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4»  It  lo  poBiible  to  check  remaining  characteristics  of  the  receiver 
(selectivity*  fidelity,  and  so  forth). 

Testing  by  the  two-signal  method  la  accomplished  with  two  equivalents,  whose 
Inputs  are  connected  to  two  generators*  and  outputs  are  parallel-connected. 
Resistances  and  reactances  of  the  equivalent  should  be  doubled. 

Another  method  of  laboratory  testing  consists  of  placing  the  loop  in  a magnetic 
field,  which  is  created  by  current  In  a horizontal  rectilinear  wire  (line)  (Fig,  9.2), 
This  test  should  be  conducted  In  a shielded  chamber,  since  during  tests  with 
the  loop  coiuieeted  (and  not  with  Its  equivalent,  as  in  the  preceding  method)  external 
Interferences  hamper  tests  a great  deal.  At  a certain  distance  d from  the  chamber 
cell!)  ; we  stretch  a rectilinear  wire,  which  at  one  end  Is  Joined  by  a ahlelded 
cable  to  the  generator  of  standard  signals,  and  on  the  other  through  resistance  R 
to  the  metal  wall  of  the  chamber. 


Pig,  9.5.  Voltage  divider. 

Fig.  9.2,  Measuring  line  for  The  purpose  of  resistance  R la  to 

testing  a direction  finder. 

provide  In  the  wire  a traveling  wave  of 

current.  In  traveling  wave  conditions  current  In  wire,  and,  consequently,  magnetic- 
field  strength  around  It  depends  little  on  frequency.  Magnetic  field  strength  In 
these  conditions  also  does  not  depend  strongly  on  shift  of  the  observation  point 
along  the  wire. 

Under  wire  there  Is  placed  the  loop  direction  finder  being  tested.  With 
rotation  of  the  loop  the  minimum  emf  Is  induced  in  it  at  the  time  when  its  plane 
is  perpendicular  to  the  wire. 

Magrietlc  and  electrostatic  fields  of  a rectilinear  wire  at  a small  distance 
from  this  wire  do  not  ha\e  nu  simple  a relationship  to  one  another  as  in  the  zone 
of  radiation.  Therefore,  use  of  the  open  antenna  of  a direction  .finder  In  its 
normal  position  can  lead  to  a relationship  of  emf’s  Induced  In  the  antenna  and  loop, 
absolutely  different  frcmi  the  relationship  in  real  conditions.  For  testing  It  Is 
necessary  to  use  as  the  entenna  t special  section  of  rectilinear  conductor,  located 
in  paraliols  to  the  test  line.  The  length  cjui  distance  of  this  conductor  from  the 
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line  will  be  nelected  In  such  a way  aa  to  ensure  a nontial  relationship  of  enif»n  In 
the  antenna  and  loop,  Por  feed  of  the  antenna  circuit  It  Is  also  poaelble  to  use  a 
voltage  divider  (Fig.  9.?). 

First  of  all  It  la  necessary  to  select  ouch  a real  stance  K that  In  the  line 
there  Is  eatabllahed  a traveling  wave.  Wave  Iripedance  of  a alngle-wli'e  line  with 
diameter  2r  at  distance  d from  the  conducting  plane  Is  equal  to 

(9.1) 

By  this  formula  there  can  be  found  the  approximate  value  of  resistance  R ••  p. 
Traveling  wave  conditions  in  the  line  are  verified  by  one  of  the  known  methods.  In 
this  case  it  is  convenient  to  use  the  fact  that  Impedance  of  a line,  loaded  on  wave 
Impedance,  is  equal  to  the  wave  Impedance.  Due  to  this,  connection  to  the  generator 
of  standard  signals  of  a line,  loaded  on  resistance  R,  if  R ■ p,  will  Influence  the 
generator  the  some  as  connection  of  the  actual  resistance  R (will  cause  the  same 
decrease  of  its  output  current).  By  several  tests  it  Is  possible  to  defJnjtize 
magnitude  R,  Initially  found  by  the  formula  (9.1).  Traveling  wave  conditions  must 
be  verified  in  the  whole  range  of  frequencies  of  the  direction  finder, 

Tiin^  oftl  1 bt*o • 1 on  of*  corT'^spC’ri'^lri^  tc 

the  given  output  voltage  of  the  generator,  is  produced  by  a comparator.  The  antenna 
of  the  comparator  should  be  loop- type  and  of  approx.lmately  the  same  dimensions  as 
the  loop  of  the  direction  finder. 

If  generator  \oltage  is  U,  and  field  strength  is  E,  then  called  the 

scaling  factor,  detemlnatlon  of  which  is  the  purpose  of  calibration. 

Calibration  ohould  be  performed  at  several  frequencies  within  the  frequency 
range  of  the  direction  finder.  Independence  of  the  seeling  factor  from  frequency 
is  gonfirmation  of  the  fact  that  in  the  line  there  have  been  established  traveling 
wave  conditions , 

If  le  necessary  also  to  produce  calibration  for  different  dlstemces  of  the 
center  of  the  loop  from  the  line. 

If  there  is  no  compantor,  calibration  can  be  produced  by  a loop,  whose 
geometric  dimensions  are  known  exactly.  The  eml’  on  terminals  of  the  D.oop  should  be 
measured  by  a voltmeter  with  a very  large  Input  impedance.  As  such  voltmeter  wo  use 
receiver  with  supply  of  voltage  to  the  cathode  grid  of  the  first  tube.  The  receiver 
is  collbrated  from  a generator  of  standard  signals. 


If  muximuia  eraf  In  the  loop  la  *nd  voltage  from  the  generator  Is  U, 


•'■“’Twr* 


(9.2) 


where  Is  the  calculated  effective  height  of  the  loop. 

For  selection  of  an  auxiliary  antenna  or  speclflcattonB  of  the  divider  feeding 
the  emtenna  circuit,  we  should  f.r.ow  the  effective  height  of  the  open  antenna  of  the 
direction  finder  h, . 

0t 

The  emf  Introduced  Into  the  antenna  circuit  of  the  direction  finder  in  real 


conditions  Is  equal  to 


When  testing  ui^der  a line  with  the  help  of  a divider  this  emf  Is  equal  to 


From  this  we  find 


(9.3) 


The  sum  of  capacitances  + Cg  should  be  equal  to  the  capacitance  of  the  antenna 
C^.  Formula  (9.3)  gives  the  possibility  of  determining  and  Cgt 


^ ^ t. 

. • wg — 

Ct=Ca(I  — 
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(9.5) 


Testing  under  a line  permits  determining  the  same  parameters  of  a direction 
finder  as  testing  with  the  help  of  an  equivalent  antenna.  Furthermore,  testing 
under  a line  permits  checking  the  sharpness  of  minima  and  the  magnitude  of  errors 
depending  upon  frequency,  fle].d  strength  and  other  factors. 

For  checking  selectivity  by  the  two-signal  method  there  Is  stretched  a second 
line,  perpendicular  to  the  first  and  fed  by  a separate  generator.  Frequency  and 
field  strength  of  the  disturbing  radio  station  are  established  on  this  second 
generator. 

It  Is  necessary  to  note  that  neither  the  first  nor  the  second  method  of 
laboratory  testing  corresponds  fully  to  real  conditions  of  work  and,  therefore,  they 
can  give  results,  differing  from  results  of  tests  in  operation:!  conditions. 
Nonetheless,  laboratory  tests  are  very  desirable,  since  thanks  to  the  easy  of  shifting 
frequency,  change  of  amplitude  of  the  fed  voltage,  etc.,  tests  can  be  conducted  more 
widely  and  deeply  them  during  tests  on  real  work.  Here,  there  can  be  revealed  defects 
which  would  be  passed  over  during  performance  tests. 
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Of  the  two  methods  described,  obviously,  the  second  corresponds  moJc  closely 
to  real  conditions  of  work  of  the  direction  finder,  but  carrying  It  out  Is  somewhat 
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more  complicated  then  for  the  first. 

9,2,  Laboratory  Tents  of  Direction  Finders  of  a Oonlometrlc  System 

Tests  of  Loops 

Besides  normal  checking  (determination  of  Inductance,  eelf-capacltance,  damping, 
and  so  forth)  for  loops  of  goniometrlc  systems  It  Is  very  Important  to  check  the 
magnitude  of  mutual  inductance  between  them.  Absence  of  mutual  Inductamce  simulta- 
neously conflrma  their  mutual  perpendicularity.  From  smallnes,.  of  permissible 
magnitude  of  mutual  inductance  (permissible  coupling  coefficient  Is  of  the  order  of 
O.J-O.456)  normal  bridge  and  resonance  methods  are  Insufficiently  exact. 

A measuring  circuit,  permitting  a reading,  with  the  required  degree  of  accuracy, 
is  presented  in  Fig,  9.^.  B is  a variometer  with  very  small  Inductances  of  windings 
(considerably  smaller  than  inductance  of  loops),  but  with  a fairly  strong  maxlman 
coupling  between  them  (K  « 0.4  to  0.6).  The  high  coupling  coefficient  permits 

sufficiently  accurate  calibration  of  the  variometer. 

One  of  the  t.'lndlnsc  of  the  variometer,  serlec-eonnected 
with  one  of  the  loops.  Is  fed  from  the  generator;  the 
other  winding  of  the  variometer  and  the  second  loop  are 
also  coupled  In  series  and  are  Joined  to  the  cathode 
grid  of  the  first  tube  of  the  receiver.  Audibility  on 
the  receiver  output  turns  into  zero  when  the  coefficient 
of  mutual  indue tojice  of  the  variometer  Is  selected  equal 
to  the  coefficient  of  mu''  :al  Inductance  of  the  loops. 

The  generator  and  receiver,  and  also  the  variometer  must  be  shielded,  and  all 
wiring  Is  carried  cut  In  such  a v/ay  as  to  exclude  spurious  couplings  between  circuits 
of  the  two  loops. 

Testing  of  the  Oonlometor 

In  the  goniometer  nil  Its  electrical  parameters  — Inductances  and  distributed 
capacitances  of  all  coils  and  maximum  couplilng  coefficient  between  each  of  the  field 
and  the  searcher  colls  — are  to  be.  checked.  It  Is  necessary  also  to  check  the 
coefficient  of  jaut\ial  Inductance  between  the  tvfo  field  coils.  This  measurement  can 
ba  made  by  the  some  scheme  as  analogous  measurement  tor  loopn. 
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Fig.  9.^.  Measuring 
circuit  of  small  mutual 
inductance. 
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n^e  most  important  test  of  a goniometer  la  determination  of  the  error  curve. 
Measurement  of  erroo  can  be  taken  at  high  and  low  frequencies. 

For  checking  at  nigh  frequency  we  compare  the  tested  goniometer  with  a standard 
one,  connecting  them  as  shown  in  Pig,  9«5»  Let  the  rotor  of  the  standard  goniometer 

turn  about  the  first  coll  of  the  stator  at  angle 
Assuming  that  the  standard  goniometer  is 

D W 


Fig.  9.5.  Comparison  of 
goniometer  with  a standard 
one. 


absolutely  exact  we  can  present  the  emf's  Induced 
in  stator  colls  In  the  form 

f.  = /^cos%. 

£,^/^sia4,. 


where  — maximum  mutual  Inductance; 

Impedance  of  rotor  of  standard  goniometer; 
E — feed  voltage . 

Currents  In  stator  colls  will  be 

«iAft 


where  2^,.,  2^^  and  — Impedances  of  stator  colls  of  the  standard  and  inveRtIgat.ed 
goniometers. 

Normally  impedances  of  two  stator  coils  are  equal  to  one  another,  i,e.. 

If  the  searcher  of  the  tested  goniometer  is  turned  an  angle  0^,  then  the  enf 
induced  in  it  will  be 


iZt  + Zf)  Zt 


cos(J,  — i,), 


where  M — maximum  mutual  Inductance  between  field  end  searcher  coils  of  the  tested 
^ goniometer. 

This  emf  turns  into  zero  when  9^  ■ + 90°,  Thus,  setting  the  rotor  of  the 

standard  goniometer  at  some  angle  we  should  obtain  disappearance  of  audibility 

upon  setting  tno  rotor  of  the  tested  goniometer  at  an  angle  + 90®.  The  dlffeience 

tJ  V 

between  uhis  angle  and  the  angle  of  setting,  at  which  we  obtain  real  disappearance 
of  audibility,  directly  gives  error  of  the  goniometer.  In  an  analogous  way  we  cen 
test  a goniometer  with  three  or  four  field  colls. 

The  circuit  of  other  method  of  testing  at  high  frequency  Ifi  preaenti  .1  in  Fig. 

9,C,.  If  we  BC'.ect  resistance  so  that  « uuL^,  where  l,^.  — 1 


nductance  of  field  coll 


— Impedance  of  the  divider,  voltage  dlvlalon  depends  exclusively  on  the  magnitude 
of  resistances.  Thus,  voltage  on  one  of  the  field  colls  will  be 

isl- 

and on  the  other  field  coll. 


etc,,  where  R^,  Rp,  ...,  Rj^  — resistance  from  beginning  of  divider  to  the  corresponding 
tap. 

Analogously  to  the  preceding  we  find  the  emf  In  the  searcher  coll,  assuming  the 
goniometer  Is  free  from  errors.  Thus,  with  coupling  of  field  colls  Into  taps  Rj  and 
R,  we  obtain 

£,=£;^cosI+£,£^  sin  fl 

=e^(gco.(>+^sm«). 

where  M — maximum  mutual  Inductance  of  the  field  and  searcher  colls  of  the  goniometer. 
The  emf  turns  Into  zero  whan  tan  0 --•3—. 

If  the  goniometer  gives  error,  then  disappearance  of  audibility  will  occur  at 
Error  of  the  win  bo  ociue!'  to 

A==ifr_e. 

Thus,  attaching  the  ends  of  field  colls  to  various  terminals  of  the  divider 
and  determining  the  position  of  the  searcher  corresponding  to  vanishing  of  audibility 
In  the  telephone,  we  can  dstermlne  the  error  of  the  goniometer  at  different  angles. 

It  Is  possible  to  have  a comparatively  small  ntanber  of  taps  lu  the  divider  (3-ij),  in 
order  to  obtain  sufficiently  closely  located  points  for  constinictlon  of  the  error 
cuirve. 


Shielding  of  the  generator,  receiver,  and  divider,  thoroughness  of  location  of 
v/iring  in  this  method  are  as  necessary  as  In  the  method  of  a standard  goniometer. 

The  divider  Itself  should  be  made  Inductionless  and 
non-capacltlve,  possess  a small  skin  effect,  which  Is 
necessary  for  preservation  of  constancy  of  the  ratio 
of  resistances  during  change  of  frequency.  One  should 
nuke  it  with  the  samt  care  os,  e,g.,  attenuators  of 
generators  of  standard  signals. 

The  circuit  for  checking  a goniometer  at  low 
frequency  Is  shown  In  Fig,  9,7.  Iii  it  Rj^  and  Rg  — 


F'lg.  9,6.  Testing  a 
goniometer  by  a divider. 


precision  resistance  boxesi  anA  Lg  — field  coilo  of  gonloneter;  Lj  — its  searcher 
eollj  T *-  telephone  (lovr^resistance). 

The  circuit  is  fed  from  an  af  generator  Q.  Resistances  and  Rg  should  be 
taken  considerably  larger  than  Induced  resistance  of  field  colls  with  frequency  of 
meaeurenent  <a,  i.e,,  R^  » uiL^  and  Rg  » oiLg.  1ji  this  case  currents  and  Ig  are 
determined  by  equalities 


If  the  goniometer  was  made  absolutely  exactly,  the  emf  Induced  in  the  searcher 
coil  would  be 

£,  =ss /,»Af  sin  8 :±: /,«Af  cos  6. 

Rotating  the  searcher  coll  until  audibility  disappears  in  the  telephone,  we 
obtain  angle  6 from  equation 

A«Afiffll:i:/.«Alcose=0 


or 


(9.6) 

iff  the  goniometer  has  error,  audibility  will  disappear  at  another  angle  d>  ■ 

■ 0 + A,  where  A — degree  of  error.  The  method  of  checking  consists  in  establishing 


checking  of  goniometer 
at  low  frequency. 


ratio  ~ conforming  to  angles  0 » 0°,  10°,  20°,  etc,. 

Kg 

and  determining  angle  at  which  sound  disappears 
in  the  telephone.  Difference 

♦ — arctg^=A 

directly  gives  error  of  the  goniometer.  To  each 
R^ 

ratio 

^2 


there  correspond  two  angles  differing 


approximately  by  i80°,  at  which  audibility  vanishes. 
Thus,  the  goniometer  is  checked  from  0°  to  90°  arid  from  l8o°  to  270°,  To  check  the 
second  half  of  the  dial  the  ends  of  one  of  the  field  colls  are  connected,  which 
corresponds  to  a change  of  sign  in  formula  (9.6) • During  work  it  is  necessary'  to 
watch  to  see  that  the  generator  does  not  directly  influence  the  searcher  coil,  and 


that  current  in  the  telephone  does  not  influence  the  field  coils. 

Analogous  circuits  con  be  easily  composed  for  tenting  multiwinding  goniometers 


yig,  Dlagra-n  for  checking  symmetry  of 

goniometer. 

So  that  In  the  gonlometrlc  ayaten  there  la  no  antenna  effect,  it  la  neceaaary 
to  ensure  complete  symmetry  of  field  coila  of  the  direction  finder.  Check  of 
symmetry  of  the  goniometer  can  be  performed  by  the  circuit  in  Fig,  9,C,  Voltage 
from  the  generator  of  standard  signals  is  brought  to  the  field  coll  through  a 
symmetric  transformer  (see  § i4.3)  and  a potent lome trie  circuit  of  resistances. 

The  searcher  coll  la  connected  to  the  receiver.  In  switch  position  A voltage 
acts  between  ends  of  the  field  coil,  which  corresponds  to  reception  of  a two-phase 
wave.  In  switch  position  B the  emf  acta  between  both  ends  of  the  field  coll  and  the 
"ground"  (i.e.,  the  frame  of  the  goniometer,  cathode  of  the  first  tube  of  the  receiver 
and  its  frame),  which  corresponds  to  reception  of  a single-phase  wave.  A completely 
symmetric  goniometer  In  the  secona  switch  position  will  not  transmit  voltage  to  the 
searcher  coll. 

In  practice  measurement  is  perfoi'med  in  the  following  way.  Setting  the  switch 
in  position  A,  tuning  the  reoelver  and  turning  the  searcher  coll  to  the  position  of 
maximum  coupling  with  the  tested  field  coil,  wc  regulate  the  voltage  of  the  generator 

of  standard  signals  to  obtain  a conveniently  read  receiver 
output  voltage  U,  Let  us  assume  that  here  the  voltage  of  the 
generator  of  standard  signals  is  equa'  to 

Then  we  shift  the  switch  to  position  B,  increase  output 
voltage  of  the  generator  of  standard  signals  cuid  turn  the 
searcher  coll  to  obtain  maximum  receiver  output  voltage.  Let 
us  assume  that  voltage  of  the  generator  of  standard  signals, 
necesaai’y  for  production  of  the  same  receiver  outjrjt  voltage  U,  In  this  case  is  equal 


PiR.  9.5.  Circuit 
of  asymmetric 
loading. 


to  £rs.  Then  the  relative  degree  of  asyeametry  of  the  goniometer  is  characterized  by 
ratio  ■=— . 

In  carrying  out  tests  It  is  necessary  to  ensure  symmetry  of  the  transformer, 
equality  of  potentials  at  points  a Jtnd  b,  and  also  to  avoid  ary  asymmetry  of  the 


Cfi-y 


goniometer  (for  instance,  bcaaua*  of  c.\ynBiatric  position  of  wires  to  the  switch). 
Measurement  of  esyronetry  by  enother  method  is  carried  out  with  the  help  of  an 
hf  realttenee  bridge.  AsymnetiT'  Is  caused  by  unetiualnese  of  capacitive  or  In 

general,  any  impedances  between  terminals  1 and  2 of  load  (in  this  case  the 

. ' " 
goniometer)  and  the  ground.  In  Pig.  9»9  these  impedances  are  designated  Z and  z , 


The  asymmetry  parameter  is  equal  to 


r—r* 


^+2"  • 


Ve  tahe  three  measureDents  of  admittances t 

1)  between  point  1 and  grounded  point  2 

2)  between  grounded  point  1 and  point  2 (Yg)} 

5)  between  short-circuited  terminals  1 and  2 and  ground  (Y-j)> 

•r  _ r + Z,  . „ _ i-  + Z..  ,,  _ 2 +2* 
rir  * '• rz~*  2'2"  • 


It  is  easy  to  see  that 


y.-r. 


Both  methods  of  measurement  of  asymmetry  are  applicable  also  to  measurement 
of  asymmetry  oe  th*  inp”t  "'f  the  receiver  end  cf  other  elements. 

Test  of  a Radio  Direction  Finder  as  a Whole 

To  test  a loop  radio  direction  finder  of  a goniometrlc  system  In  laboratory 
conditions  there  can  be  employed  the  sane  two  methods  as  for  testing  a direction 
finders  with  a rotating  loop,  l.e.,  testing  with  an  eqv’valent  and  testing  with  the 
help  of  a line.  Tlie  equivalent  presented  in  Pig,  9*1  gives  the  possibility  of  feed!:., 
emf  only  to  one  of  the  field  colls.  The  remaining  field  coils  of  the  goniometer 
should  be  closed  to  the  same  equivalents  with  closed  Input  temlnals. 

When  testing  by  the  two-signal  method  there  can  be  used  a second  field  coll, 
to  which  tiiore  Is  fed  an  emf  from  a second  generator  throu.'ih  an  antenna  equivalent. 

In  the  case  of  an  external  system  of  two  spaced  antennas  It  Is  also  possible 
to  compose  an  equivalent.  Its  circuit  Is  presented  in  Fig.  9,10,  Here  Cf^,  C, 
®falr  ~ capacltancBs  of  spaced  antennas,  feeder,  auxiliary  antenna  and  Its  fair-lead; 
L and  — inductances  of  the  auxlllixry  and  tide  spe-.ed  antennas.  Selection  of 
magnitudes  R,  R^  end  M is  analogous  to  the  preceding  case.  It  should  be  stressed 
that  testing;  by  an  equivalent  has  mo'xJ.ng  only  for  those  systems,  for  which  natural 
waves  of  anteimas  considerably  dlfi ■ .•  from  working  waves. 


'=i'7i 


9 » ? • Labnr.'Ttory  TertR  of  Ra(15o 
D1  r ec tlo'n'  Viridorn  with  Vi'tle  Aii- 


ui^nnn  ^jiac  * nii 


Separate  component  parte  of  the  radio  dl.recti:: 
finder  (hf  trancformerc,  time  delaj'  line,  nwltchl.'..* 
circuits,  Indlcatore,  etc.)  are  checked  by  usual 


Pig.  9.10.  Clrc\xlt  of  the 
equivalent  for  a system  of 
speed  antennas. 


methods. 

The  antenna  system  of  a radio  direction  finder 
with  wide  spacing  antennas  consists  of  a large 


number  of  antennas,  in  wVilch  there  are  induced  emf's  of  Itienti.'-al  oriplltu'ic,  bur, 


different  phases  in  accordance  with  geometric  location  of  the  antennas  (?)  >.11). 


Antennas  arc  connected  to  oji  antenna  s\ii or  t. 


reception- Indicator, 

During  laboratory  tests  of  a radio  dlreotJcr. 
finder  It  Is  necessary  to  be  able  to  Introduce  to 
Inputs  of  the  antenna  switch  (or  reception- Indicator 
voltnce  of  Identical  amplitude,  the  chase  of  whlcr. 
varies  by  a given  law.  For  this  there  is  used  a 
special  anteima  equivalent.  In  Fig,  9.11  there  If. 
presented  the  circuit  of  the  equivalent  for  labora- 
tory testing  of  a radio  direction  finder  with  a 
circular  antenna  system.  It  consists  of  a natural 

Fig.  9.11.  Circuit  of  the  or  artificial  long  line,  fed  by  a generator  of 
equivalent  of  a circular 

antenna  system  with  wide  standard  signals  and  loaded  on  on  Impedance,  equal 

spacing. 

to  wave  impedance.  The  section  of  long  line  Is 
designed  In  such  a manner  that  on  terminals  of  the  long  line  of  the  equivalent  a,  b, 
c,  etc.,  voltages  have  identical  amplitudes  and  phases,  equal  to  phases  of  the  eef 
of  corresponding  ar.tenr,as. 

Phases  of  voltage.'?  arc  calculated  for  the  case  when  there  Is  produced  receptlcn  . 
of  a radio  station  from  a definite  direction. 


Between  term.lTials  of  the  long  line  and  the  grouiid  there  are  coupled  resistance 
R^-Rg  such  magnitude  tViat  » Rg  end  Rg  * pj,^,  - v.'nore  wave  Impeditnce  of 
feeders  leading  Into  the  anteniia  switch  (matched  loading  of  feeders  from  the  antennar. 
is  assumed). 


n there  are  voltages 


Thus,  on  the  output  terminals  of  the  equivalent  1,  2,  J, 
of  Identical  amplitude  with  phaaea,  corresponding  to  phaaee  of  emf  anteniifto.  Output 
reBlstancea  on  these  termlnala  are  equal  to  Application  of  decoupling  . 

resistances  removen  Ir.fluence  of  loads  of  the  antenna  switch  on  the  amplltuu 
and  phase  of  voltages  at  points  1,  2,  3,  ...<  n. 

The  anteniifi  equivalent  permits  chocking  the  overall  efficiency  of  equipment, 
determining  Instrur.ent  accuracy  for  fixed  directions  and  sensitivity.  Instrument 
accuracy  Is  determined  connecting  the  output  of  the  equivalent  1,  2,  3,  n first 

(II  I 

to  terminals  l , 2 , 3 , n of  the  antenna  switch.  Here,  on  the  entennn  switch 

during  direction  finding  there  should  be  read  on  angle,  corresponding  to  that  bearing, 
for  which  the  lone  line  is  caloule  Then  the  output  of  equivalent  1,  2,  3(  •••<  n 

I I I I III 

are  ■witched  to  terrilnals  2,3»».-,n<w  o-  the  antenna  switch,  3 » ^ n , 

I t 

1,2,  etc.  Each  switching  corresponds  to  displacement  of  the  direction  of  bearing 
an  rnglo,  equal  to  the  angle  between  the  antennas.  The  difference  between  readings 
on  the  ''earing  Iridlcator  of  the  rrdlo  direction  finder  and  calculated  bearings 
corresponds  to  instrument  errors.  To  determine  sensitivity  It  Is  necessary  to 
preliminarily  find  coefficient  h.  of  tranamlanlcn  of  voltage  from  input  terminals  of 
the  equivalent  to  its  output  termlnala  1,  2,  3,  n with  connected  loads. 

If  to  the  equivalent's  Input  there  is  fed  voltage  U,  then  E ••  ^ • , where  h^^^. 

Is  the  effective  height  of  the  a-utenna. 

With  an  uruTiatched  loading  of  feeders  Instead  of  it  is  r.  rcessai-y  to  couple 
Ir.  at  each  fi  equency  Iti.  own  2^,  corresponding  to  Input  Impedance  of  the  antenna 
and  feeder  together. 

Dy  this  method  we  also  determine  the  directivity  pattern  of  the  antenna  system, 

9 • t ■ Tests  of  Direction  Finders  In  Real  Conditions  of  Work 

Vlien  testing  a direction  finder  in  t'te  place  of  liiEtallatlon  It  Is  necessary  to 
check  separate  pa^’ts  of  the  ar.’ennn- feeder  device  (single  angennas,  feeders,  etc,) 
and  correctness  of  their  geometric  Iccatlon,  Tests  are  pcrlormed  by  methods, 
described  In  [9.3], 

Teste  of  a radio  direction  finder  have  the  goal  of  dctemlnlngi  Instjuirant 
error  of  the  direction  finder,  magnitude  and  nature  of  local  errors,  general  accuracy 
of  the  dlrectl  'ti  finder,  general  sensitivity  of  the  directio.i  finder,  the  character- 
istic and  coef jIc  1 e.it  of  directivity  of  its  antenna  system. 


Determining  Instrument  Error  of  a Radio  Direction  Finder 

It  is  not  possible  to  deteimlne  Inatiniment  error  for  all  aystemB  of  direction 
finders.  Thus,  dlrt.'Ct  determination  of  Inotrument  errors  for  'Mr'^ctlon  finders  with 
a fixed  outdoor  system  Is  lmf)068lble.  If  the  latter  Is  too  bulky.  In  these  cases  It 
Is  necessary’  to  be  limited  to  analysis  of  separate  sources  of  Instrument  error  on 
the  basis  of  laboratory  tests  and  tests,  which  ai  described  In  the  following  point. 

Instrument  error  Is  most  exactly  and  simply  detemlned  for  gonlometrlc  direction 
finders.,  for  which  stinicture  and  dimensions  of  the  outdoor  equipment  are  such  ar, 
permit  rotation  of  it  in  the  process  of  testing.  For  this  purpose  the  external 
device  of  the  direction  finder  Is  set  on  a special  machine,  permitting  us  to  turn  It 
at  known  angles.  Tuning  to  some  station,  by  rotation  of  the  goniometer  we  find  Its 
bearing.  We  then  tum  the  outdoor  system  a certain  angle  (for  Instance,  10-15°)  and 
repeat  fixing,  'The  new  reading  on  the  goniometer  should  differ  from  the  first  by 
the  angle  of  rotation  of  the  outdoor  system.  Performing  sucli  tests  for  several 
angles  from  0°  to  360°  and  at  various  frequencies,  we  can  obtain  a aufflcientiy  full 
Judgement  of  instrument  accuracy  of  the  direction  finder. 

Special  difficulties  are  presented  by  tests  of  ilnders  with  calculation 

of  polarization  errors.  Thus,  to  determine  standard  polarization  error  one  should 
place  the  direction  finder  In  on  electromagnetic  field  v;lth  a known  slope  of  the  vmve 
front  end  angle  of  polarization.  For  creation  of  such  a field  a local  generator  Is 
placed  at  a considerable  height  (on  a mast,  ballon,  etc,)  and  Is  equipped  with  e 
radiating  dipole,  which  1.’  sat  at  such  an  angle  as  creates  a field  with  the  necessary 
tum  of  the  plane  of  polarization. 

Distance  from  the  direction  finder" to  the.  generator  should  be  sufficiently  great. 
For  direction  finders  of  short  waves  thl.s  dlstarioe  is  practically  of  the  order  of 
100  m or  more.  To  create  an  angle  of  Incidence  of  ^^13°,  eorresuondlng  to  conditions 
of  test  of  the  error  of  a standard  wave,  height  of  lift  of  the  generator  should  also 
be  near  iOO  m.  Tnls  causes  evlder.t  practical  difficulties,  because  of  which  In  most 
oases  we  are  limited  co  smaller  helg’.it  of  rise  of  the  emitter.  So  that  p -arlzatlon 
error  Ir.  not  small,  the  pjiglc  of  rotation  cf  the  plane  of  polarization  y Is  cade 
greater  than  1*0^. 

If  the  angle  of  incMnatlon  of  the  v.u'/"  '"’'oni.  It  very  small,  to  satisfy  the 
shovm  condition  rjigle  7 shotild  be  close  to  , Inccnvenience  of  such  u condition 
of  tests  Is  the  snail  magnitude  of  the  vertical  component  of  field  strength  and, 
consequently,  tlr;  veax  recept-.on  po’wer. 


To  produce  reliable  reaulta  of  meaflurement  It  !.b  iiecesnary  to  ensure  etrlct 
aytnnetrj'  of  the  generator,  alnoe  the  presence  of  a a Ingle- cycle  wave  In  h radiating 
dipole  does  not  permit  eatabllahl ii;'.  the  exact  reliit)  .nc.hlp  botv/een  mngnl  tudes  of 
vertical  and  horizontal  components  of  the  field.  The  direction  <’1nder  should  be 
located  in  a plane,  peniendlcular  to  the  plane  containing  the  radiating 
Otherwise  the  rnt’o  of  horizontal  and  vertical  components  of  field  strength  la  not 
equal  to  the  tangent  of  the  angle  of  rotation  of  the  rtlnole.  Such  a phenomenon  does 
not  occur  with  n radiating  loopj  therefore  In  Inctallatlons  for  checking  polarization 
errors  they  chiefly  apply  a loop  as  the  emitter. 


Determining  the  Magnitude  and  Mature  of  Local  Errors 


To  determine  errors  of  the  direction  finder  the  generator  shifts  around  it. 
Direction  finding  la  produced  at  different  positions  of  the  ;:;nerator,  and  results 
are  compared  with  true  angles.  These  ar.glea,  depending  upon  the  ctrcuEstances,  are 
determined  either  by  visual  direction  finding,  or  on  the  man  by  known  p^osltions  of 
the  mobile  generator, 

llie  mobile  generator  Is  carried,  trucked  or  Is  placed  on  a ship,  aircraft,  etc. 
If  the  direction  finder  Is  placsd  on  a mobile  object  (shin,  aircraft),  one  can 
determine  error  by  r.  fixed  courcc  of  radiation  oy  mcano  of  shifting  the  direction 
finder  itself. 

The  distance  from  the  direction  finder  to  the  source  of  radiation  should  be 
sufficiently  large.  In  order  to  consider  the  field  near  the  direction  finder  ar.  the 
field  of  radiation,  l.e.,  the  distance  should  f-icceed  the  wavelength.  Furthermore, 
the  distance  rhould  be  sufficient,  that  there  Is  formed  an  approximately  flat  wave 
front: 


where  ?b  — antenna  aperture  (spacing  of  vertical  antennas). 

The  generator  should  he  located  in  an  open  locality  far  from  objects  which 
could  create  a field  of  secondary  radiation. 

The  error  curve,  found  by  the  shown  method,  contains  both  Instrument  errors  of 
the  rndlo  direction  finder,  and  also  locality  errors.  In  order  to  separate  errors. 

It  is  nece  •sa,*y  to  determine  Instrument  errors  by  other  methods  (see  the  first  point 
of  tills  porec.raph)  or  conduct  Inspection  of  local  crroi's  by  a radio  direction  finder, 
whose  iiistr.oipnt  errors  are  amall  end  are  known.  In  separate  cases  Judgement  about 
whctlier  erro--  1’.  i - ca’.  oj-  Instrument  1e  facilitated  by  consideration  of  the  dependence 


‘f'l'J 

of  error  on  the  dlatance  to  the  radiator,  l.c,,  from  shift  of  the  heterodyne  with 
^ constant  azimuth.  Instrument  error  does  not  depend  on  range,  and  local  error  changes 

with  change  of  range. 

With  a separate  re-emltter  the  dependence  of  error,  caused  by  It,  on  the 
distance  between  the  heterodyne  and  direction  finder  has  a regular  sinusoidal  nature, 

.1  I 

which  facilitates  detection  of  ouch  error. 

The  general  character  of  the  error  c\irve  also  depends  on  the  distance  between 
the  direction  finder  and  generator  (§  10.5).  Wlien  this  dlsteuice  Is  small  (for 
instance,  100~j500  m).  Influence  of  locale  ai.d  surroundings  la  not  transmitted 
completely  In  the  obtained  error  curve,  since  relative  negnltudea  and  phases  of  field 
, strength  of  reverse  emitters  differ  from  corresponding  magnitudes  obtained  under  the 

influence  of  a wave  from  a verj*  distant  source. 

It  is  possible  to  recommend  such  tests  mainly  for  checking  instrument  errors 
under  the  condition  that  local  errors  are  minute. 

With  large  distances  (for  Instance,  3-5  km)  conditions  of  testing  are  closer 
to  real  conditions  of  work  of  the  radio  direction  finder  and  more  fully  reflect  local 
errors.  Including  arid  the  Influence  of  distent  surroundings.  These  tests  should  be 
cynuudeu  uxu'ing  the  inerouuction  ot  tne  raalo  olrectlon  finder  into  service  to 
judge  its  general  accuracy. 

It  la  necessary  to  note  that  the  curve  of  local  errors,  taken  with  the  help  of 
a generator  located  on  the  surface  of  the  earth,  can  not  preserve  Its  form  during 
reception  of  reflected  rays,  since  revc.se  radiations,  provoking  local  errors,  change 
their  character  under  the  influence  of  an  abnormally-polarized  field. 

Determining  General  Accuracy  of  a Radio  Direction  Finder 

Because  of  the  above- Indicated  difficulties  separate  detemlnatlon  of  instrument 
errors,  althougli  of  considerable  Interest,  cannot  completely  characterize  general 
accuracy  of  a radio  direction  finder.  On  the  other  hand,  determination  only  of  the 
general  accuracy  of  a direction  finder,  the  most  Important  of  Its  operational 
characteristics,  says  little  to  the  designer,  since  he  cannot  find  which  part  of 
errors  can  Vie  eliminated  by  Improving  the  design  of  the  Instrument  and  which  part 
con  be  eli.  .ated  by  Improving  lt:i  location.  Therefore,  whenever  possible,  one 
should  make  a full  investigation  of  the  direction  finder,  determinjng  both  Instrument 
and  local  errors,  and  also  the  general  accuracy  of  the  direction  finder. 

To  determine  general  accuracy  of  a direction  finder  we  perform  direction  finding 


of  different  known  otijecta,  located  aa  far  ei  poeelble  In  different  dtrectlona,  at 
different  distances  ant’  working  on  different  waves. 

Comparing  the  found  radio  bearing  with  the  true  one,  determined  by  calcuTatl on 
or  plotting  on  a mo)',  we  find  error.  For  the  characteristic  of  general  accuracy  of 
a direction  finder  we  find  the  mean  error.  According  to  the  theory  of  errors  It  is 
most  correct  to  take  for  mean  error  the  mean  quadratic  error,  but  for  slmpltf icatlon 
of  calculations  we  frequently  limit  ourselves  to  finding  the  arithmetic  mean  error 
(without  taking  Into  account  sign). 

For  radio  direction  finders,  working  on  short  and  medium  'waves,  during  direction 
finding  at  night  scattering  of  errors  Is  ao  great  that  their  average  magnitude 
Insufficiently  characterlr-es  work  of  the  direction  finder.  Methods  of  enalysla  of 
observations  are  presented  In  Chapter  11, 

Determining  Oencral  Sensitivity  of  a Radio  Direction  Finder 

To  determina  general  senaltlvlty  of  a direction  finder  we  simultaneously  perform 
direction  finding  and  determination  of  field  strength  by  a comparator.  During 
direction  finding  by  hearing  we  note  the  angle  of  silence.  During  visual  direction 
finding  we  note  the  line  width  of  the  image  of  bearing  or  the  magnitude  of  oscil- 
lations of  th“  of  the  5r''<1c«tor  from  the  influence  of  noiRes, 

On  ultrashort,  medium  and  long  waves  sensitivity  con  be  determined  by  means  of 
observation  of  different  remote  radio  stations.’  On  short  waves  observation  of  I'emote 
stations  because  of  the  influence  of  fade-outs  leads  to  very  inaccurate  determinations 
of  sensitivity.  Therefore,  on  short  waves  sensltli'lty  Is  better  determined  by  using 
a local  generator,  removed  a certain  distance  from  the  direction  finder. 

Field  strength  In  all  cases  is  measured  by  a comparator.  If  there  Is  no 
comparator,  sensitivity  can  also  be  determined  by  the  local  generator,  equipped  with 
an  ammeter  In  the  antenna,  whose  virtual  height  is  known.  In  this  ease  field  strength 
near  the  generator  is  calculated  by  the  corresponding  form’jlas.  Tills  method  is  less 
exact  than  direct  comparison, 

Sensitivity  of  a radio  direction  finder  may  also  be  found  by  means  of  calculation. 
If  there  are  determined  the  senHltlvity  of  the  receiving  equipment  and  the  virtual 
height  of  the  ax,teruia  syotera  (see  §§  H. 7-2, 11). 

One  cen  determine  virtual  helglit  in  the  following  manner  (Fig.  9.1?);  at  a 
certain  dlstence  d from  direction  finder  DF  there  is  located  emitter  0,  Exactly  the 
same  distance  d from  the  latter  there  is  placed  comparator  0,  ao  that  field  strength 


for  the  direction  finder  and  for  the  comparator  la  Identical,  The  distance  between 
the  direction  finder  and  the  comparator  should  be  euch  es  to  exclude  their  Interaction. 
Field  strength  crcaneii  by  tlie  emitter  la  measured  by  the  comparator.  Its  value  Eq 
/ should  substantially  exceed  the  level  of  field 


Fig.  9.12.  Diagram  of 
location  of  Instruments 
during  measurement  of 
virtual  height. 


strength  of  the  external  Interferencec , The 
direction  finder  Is  tuned  to  the  wave  of  the 
emitter,  and  Its  antenna  system  or  goniometer  Is 
set  In  a position,  corresponding  to  maximum 
reception  power.  Voltage  on  Its  output  Is 
measured  by  a voltmeter.  By  gain  control  inetru- 
monte  output  voltage  is  set  such  that  work  of  the 
receiver  In  the  linear  region  Is  ensured.  To 


ensure  linearity  there  will  also  be  turned  off  the  automatic  gain  control. 

Then  we  disconnect  the  antenna  system  from  the  receiver  and  connect  to  It  a 
generator  of  standard  signals  through  antenna  equivalent.  In  the  goniometer  system 
all  non-operating  windings  of  the  goniometer  should  here  be  loaded  on  antenna 
equivalents  Eq  (Pig.  9.13).  Without  touching  receiver  controls,  we  adjust  the 
cT  2*^^^*^*^'*  c "t sl.ijfis.ls  to  obtsln  on  tho  irsoslvos* 
same  voltage  as  was  obtained  earlier  from  the  external  emitter.  Obviously,  In  this 
case  voltage  In  the  antenna  circuit  E from  the  generator  of  standard  signals  is 

t O 

equal  to  the  voltage  In  the  antenna  clrc\ilt  EqH  , which  the  external  emitter  created. 

On  the  basis  of  this  we  can  find  virtual  height  as  H.  • 

a bp 

R,o«lv«r 

Eq  

3«n«r»toro-  ’>•••  . /-O  o-  — ^ 

ftwid.rd  ^ 


Elg.  9,13*  Circuit  dlagrani  of 
receiver. 

Determining  the  Directivity  Pattern  and  the  Directivity  Factor 

¥ 

To  determine  the  directivity  pattern  of  the  antenna  system  of  the  direction 

s> 

finder  in  the  horizontal  plane  It  Is  necessary  to  determine  the  dependence  of  output 
voltage  of  receiver  on  angle,  which  the  direction  of  propagation  of  the  wave  forms 

*Thln  formula  is  valid  v;hen  resistance  of  the  equivalent  is  equal  to  reslstajice 
of  the  antenna. 


i 


with  the  pla.ne  of  the  antenna.  Bystem,  In  a syatem  with  a tumlnR  antenna  thle  angle 
can  be  changed  by  rotation  of  the  antenna  aystem  Itself.  The  radiation  pattern  of  a 
radio  direction  finder  with  fixed  antennas  can  be  found  by  rotating  the  device 
Intended  for  rotating  the  radiation  pattern  (goniometer,  commutator)  and  noting  the 
dependence  of  output  voltege  on  the  angle  of  rotation  of  the  goniometer  or  (.-ommutator. 
Another  method  of  finding  the  radiation  pattern  conslots  moving  the  sender  around  a 
fixed  antenna  system  on  a circumference,  whose  center  colncldea  with  the  center  of 
the  antenna  system. 

One  should  equip  the  sender  with  an  ammeter  for  measuring  In  it  the  current, 
which  should  be  maintained  strictly  constant.  To  ensure  great  accuracy  it  Is  possible 
to  recommend  monitoring  constancy  of  field  strength  In  the  direction  finder  by  a 
comparator. 

Angular  shift  of  the  sender  Is  measured  by  a compass,  theodolite,  or  another 
such  Instrument. 

Output  voltage  of  the  receiver  Is  measured  by  a voltmeter.  It  Is  necessary 
beforehand  to  check  the  range  of  voltages,  In  which  output  voltage  linearly  depends 

on  Input,  and  during  the  whole  test  voltage  should  not  leave  the  linear  region. 

U . 

Dependency  tj — — » F(0),  presented  graphically  In  polar  or  cartesian 
^max.ouv 

coordinates.  Is  the  sought  directivity  pattern,  Tlie  directivity  factor  in  the 
horizontal  plane  is  determined  graphically  from  the  directivity  pattern: 


where 


f{9). 


Thus,  to  determine  the  directivity  factor  it  is  necessary  to  construct  the  curve 

o 2m  p 

of  the  dependence  of  p on  angle  6 and  by  planimetry  find  Its  area  I p d0.  Number 
Sir,  divided  by  the  fotxnd  area,  gives  the  directivity  factor. 

If  field  strength  is  measured  by  a comparator,  then  before  completing  the  shown 
calculations  it  Is  necessaiy  to  introduce  a correction  In  values  of  measured  output 
voltages,  determining  magnitude 

#/*  f/  Bmmf 

V sHs— -l/aui  “~g — , 

where  E — maximum  field  strength) 

max 

E — field  strength,  measured  st  the  same  position  of  generator,  at  which 
Uoyt  measured. 


During  oonstructlon  of  the  radiation  pattern  we  uae  values  ^ out 
max. out* 

Measuremeut  of  dlrec'lvlty  patterns  In  the  vertical  plane  causes  conaldoratle 
technical  difficulties;  with  this  purpose  it  Is  possible  to  use  aircraft  and 
helicopters  [9.J]. 
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CHAPTER  10 


DIFFERENT  APPLICATIONS  OP  RADIO  DIRECTION  FINDERS 


List  of  Designations  Appearing  In  Cyrillic 

H - 1 - [definition  undeterff.lned] 
uaKC  - max  •>  maximum 

np  « long  ••  longitudinal 
p « loop 

n m RDF  « Radio  Directional  Finder 
n « trans  ■ transverse 

Below  are  certain  practical  instructions  on  selecting  the  site,  Installation, 
and  adjustment  of  ship,  aircraft  and  ground  radio  direction  finders.  In  this  chanter 
we  used  materials  of  puhllr>h>.d  mai-juals  auJ  t econunendations  (1,10,  10.1,  lu.o,  lu.V). 

10.1,  Ship  Radio  Direction  Finder 
Selection  of  Site 

For  Installation  of  the  antenna  array  of  a ship  radio  direction  finder  one 
should  select  the  place,  most  removed  from  metelllc  parts  of  the  ship.  Therefore, 
the  antenna  array  should  be  assembled  as  high  as  possible  above  the  hull  of  the  ship 
and  as  far  as  possible  from  stacks,  masts,  antemias  and  metal  superstructures. 

To  indicate  beforehand  the  best  place  is  difficult.  At  medliim  waves  the  ships 
hull  usually  is  the  main  Influence.  Ilnowing  dimensions  of  the  ship,  it  ir  possible 
by  the  formulas  ([j.58),  (5.60)  to  approximately  calculate  deviation,  caused  by  the 
hull  when  placing  the  antenna  array  directly  on  the  deck  or  on  a mast. 

On  short  waves  of  greatest  influence  are  antenna- like  objects  (masts,  stackj, 
and  so  forth),  tuned  in  resonance  with  the  frequency  of  direction  finding,  when  on 
their  length  there  Is  laid- off  a quarter  of  the  wavelength  or  three  quarters  of  the 
wavelength  (Fig,  5. It). 

Thus,  30  m mast  creates  the  greotsst  deviation  at  frequency  f • 2,5  Me j the 
captain's  bridge  15  m high,  at  frequency  f » 5 Me;  a 11  m stack,  at  frequency  f « 

« 7 Me,  Range  of  frequencies  at  which  such  objects  act  depends  on  their  transverse 
dimension.  An  antenna  made  from  a conductor  practically  has  effect  In  a range  of 
±55^  on  both  sides  of  resonance  frequency;  a stack,  In  range  ilO/l;  a bridge,  In 
range  approximately  etc, 
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On  ultraehort  waves  large  structures  shield  reception,  end  direction  finding 
becomes  lmpo8slbl<!. 

It  1b  necessary  before  inspection  on  a ship  to  consider  on  the  plans  of  equipment 
of  ship  the  most  convenient  places  and  to  calculate  for  them  on  the  basis  of  materials 
of  Chapter  5 inuxli.ium  deviations . 

Antenna  systems  wJ.th  spaced  loops  or  with  spacing  of  antennas  greater  than  X, 
because  of  their  somev/hat  sharper  radiation  pattern,  are  less  subject  to  the  influence 
of  fields  of  reverse  radiation.  An  antenna  array  with  spaced  antennas  with  small 
spacing  reverse  emitters  Is  influenced  to  a stldl  larger  degree  than  a loop  array, 
because  of  stronger  action  of  the  electrostatic  fields  on  vertical  antennas. 

After  places  for  mounting  of  the  antenna  system  are  noted  (usually  several).  It 
Is  advisable  to  test  them  with  a portable  radio  direction  finder,  If  possible,  and 
select  the  best  place.  To  find  the  fitness  of  the  place  we  take  the  curve  of 
deviation  along  by  one  of  the  methods  shown  below.  The  best  place  will  be  the  one, 
for  which  maximum  deviation  Is  less  In  the  working  range  of  frequencies  of  the  radio 
direction  finder.  On  medium  waves  the  curve  of  deviation  should  be  very  close  to 
quadratic  (quadratic  deviation  Is  easy  to  compensate)  and  vary  little  with  frequency. 

On  short  and  ultrashort  waves  deviation  should  vary  Rmoothly  with  change  of 
relative  bearing  of  the  station  and  with  change  of  frequency.  Furtnermore,  there 
should  be  obtained  complete  angles  of  silence  for  bearings  of  all  directions 
in  a sound  radio  direction  finder,  small  ellipses  of  images  (not  more  than  15;*)  In 
an  automatic  two-channel  radio  direction  finder,  and  precise  readings  Df  bearing  In 
other  systems  of  direction  finders. 

Finding  of  the  cur'/e  of  deviation  and -check  of  the  quality  of  direction  finding 
should  be  done  at  sea.  As  long  as  ships  are  In  the  dockyard,  It  Is  Impossible  to  do 
these  Jobs,  since  around  ship  there  usually  are  many  foreign  objects,  creating 
additional  errors. 

The  place  for  mounting  receiver  equipment  should  be  convenient  for  work.  The 
length  of  the  high-frequency  cable  required  for  comiectlon  of  the  antenua  array  (of 
gonlometrlc  or  other  type)  with  the  receiver  should  be  as  small  as  possible.  The 
receiver  equipment  of  a radio  direction  finder  should  be  Installed  In  the  chart 
house,  since  the  navlgatory  uses  the  radio  direction  finder. 

Mounting  of  the  Antenna  Array  of  a Radio  Direction  Finder 

Let  U3  oon.jlder  cases,  when  In  the  ship  radio  direction  finder  as  the  antenna 
array  there  are  applied  u rotatable  loop,  a gonlometrlc  system  of  two 


Butur.lly-perpendlc\ilftr  loopn,  a rotatable  ayetem  of  spaced  loops,  and  a syotca  wit,", 
spaced  antennas. 

The  antenna  array  Is  Inatallcd  In  such  a reanner  that  Its  axle  of  oyjwnetry  1 let- 
in  the  diametrical  plane  of  the  ahipj  otherwise  there  nay  appear  a coefi'lclent  of 
constaiit  deviation  varying  with  frequency.  Such  deviation  Is  difficult  to 
conpenaate. 

An  auxiliary  antenna,  if  It  la  not  provided  In  the  conotructlon  of  the  antenna, 
array,  Is  taken  as  far  as  possible  vertical  and  located  In  direct  proximity  to  the 
directional  antenna. 

In  a rotatable  system  with  reading  by  the  minimum  the  dial  Is  oriented  in  sue.". . 
a manner  that  It  reads  angle  90-270®  when  the  plane  of  the  system  coincides  with  tr.t 
dloaetrlcal  plane  of  ship,  or  0-i80°  when  the  plane  of  the  system  Is  perpendlculr. ;■ 
to  the  diametrical  plane.  In  a gonlometrlc  system  one  loop  or  pair  of  entennas  are 
usually  mounted  In  the  diametrical  planej  the  second  lo  mounted  across  the  ship. 

With  unequal  dimensions  of  loops  (for  a medium-wave  radio  direction  finder)  the 
smaller  loop  Is  Installed  along  the  longitudinal  axis,  thanks  to  which  quarter 
deviation  partially  Is  conpsnaated. 

For  a gonlometrlc  radio  direction  finder  It  Is  necessarj-  to  check  correctness 
of  connection  of  the  ends  of  field  colls  of  the  goniometer  to  the  loop  device  and 
of  ends  of  the  searcher  coll  to  the  receiver. 

For  this  we  listen  to  and  fix  any  radio  station,  when  to  goniometer  there  is 
Joined  only  one  longitudinal  loop  (trfinsverse  Is  disconnected);  the  bearing  should 
be  0°  or  180°.  If  Instead  of  0°  or  l8o°  the  bearing  Is  equal  to  90°  or  270®,  then 
to  the  longitudinal  loop  we  Join  the  other  field  coll  of  the  goniometer. 

Further  we  fix  a radio  station,  when  one  transverse  loop  is  connected;  bearing 
should  be  90°  or  270°. 

Finally,  we  Join  both  field  colls  and  check  matching  of  fields.  With  rotation 
of  the  ship  counterclockwise  the  bearing  Bho-.;ld  Increase;  If  this  Is  not  so,  one 
should  exchange  ends  In  any  of  the  field  colls. 

Correctness  of  determination  of  direction  Is  attained  by  true  connection  of 
the  ends  of  searching  coll.  If  direction  Is  determined  incorrectly,  we  switch  the 
ends  of  the  searcher  coll. 

In  the  same  manner  connection  to  the  receiver-indicator  of  a two-channel  radio 
direction  finder  lo  checked. 


It  la  very  Important  t-.hat  near  the  outdoor  equipment  of  a radio  direction  finder 
all  touch5.n«  metallic  parto  (for  inatance,  bulkhead  of  the  bridge,  guard  rail,  atrutrs^ 
etc.)  have  good  contacts  with  the  hullj  otherwise  with  variable  contacts,  there  la 
obtained  variable  deviation.  Furthermore,  during  disturbance  of  contacts  there  Is 


audible  a crackling  in  the  telephone  of  the  receiver. 


Cables  and  other  metallic  rigging  nearest  to  the  antenna  array  should  have  a 
length,  smaller  than  1/t  the  antenna  array  is  mounted  on  a separate  mast, 

the  upper  part  of  the  mast  should  be  free  of  yards  standing  out  tj  the  sides,  and 


80  forth,  Quys  for  the  mast  should  be  symmetrically  located  about  the  antenna  system 


Takliig  the  Curve  of  Deviation  of  a Ship  Radio  Direction  Finder 


The  bearing  q of  a radio  station,  lying  at  heading  p to  the  longitudinal  axis 


of  the  ship,  under  the  Influence  of  metallic  objects  located  around  the  loop 


(antennas,  guys,  metal  hull,  and  so  forth),  is  Incorrect, 


Deviation  f Ifl  equal  to 


/-P— «• 

Tiie  formula  for  f gives  the  absolute  value  and  sign  of  deviation.  Deviation 


generally  varies  with  heading  and  depends  on  the  length  of  the  fixed  wave.  After 


Installation  of  a radio  direction  finder  before  using  It,  it  Is  necessary  to  deterair.c=il 
deviation  for  all  directions  from  0®  to  36O®  and  for  needed  waves  (take  the  cur\'e  of  5,5 


deviation).  During  subsequent  work  on  the  radio  direction  finder  we  use  curves  of 
deviation  to  detennlne  corrections  to  bearings. 

The  curve  of  deviation  Is  taken  chiefly  by  a visible  radio  station,  transmitting 


certain  slgnalo  for  this  purpose.  We  determine  visually  headings  p to  the  working 


radio  station  relaced  to  the  longitudinal  axis  of  ship  and  simultaneously  take 


readings  on  the  radio  direction  finder,  l.e.,  determine  angles  q.  Knowing  p and  q. 


we  calculate  deviation  f and  construct  the  curve  of  deviation  in  the  form  of  the 


dependence  of  f on  q. 

The  ouirve  of  deviation  of  a ship  radio  direction  finder  can  be  found  by  the 


following  methods. 

1.  We  use  work  of  the  sender  of  a non-dlrectlonal  radio  beacon  or  auxiliary 


ship.  The  ship  with  the  x'adlo  direction  finder  turns  every  IO-15  near  the  beacon 
or  auxiliary- ship.  On  every  course  there  Is  determined  visually  the  heading  to  the 


transmitter  p and  there  in  made  a reading  on  the  radio  direction  finder  q.  Devi- 


ation Is  defined  as  the  difference  between  these  readliigs. 


Instead  of  lie  on  courses  every  10-15°»  It  Is  possible  to  accomplish  continuous 
circulation  end  to  take  visual  readings  and  radio  direction  finder  readings  every 
lO-ls-^. 

The  distance  between  the  radio  direction  finder  and  the  sender  is  more  than 
S-3  X,  in  order  to  be  In  the  field  of  radiation  of  the  sender, 

2,  The  ship  with  the  radio  direction  finder  con  be  turned  vflth  the  help  of  an 
auxiliary  tug.  Such  a method  Is  employed  for  large  ships,  whose  ovm  movement  Is 
costly. 

3.  The  ship  with  the  radio  direction  finder  can  stand  at  anchor,  and  the 
auxiliary  ship  with  radio  transmitter  passeo  around  it,  Reading  every  10-15°  of 
movement  of  the  auxiliary  ship  simultaneously  visual  headings  p and  radio  bearings 
q,  we  calculate  deviation  f. 

1|.  It  is  possible  to  take  deviation  by  an  invisible  radio  station.  We 
calculate  the  bearing  a from  the  point  of  taking  the  deviation  to  the  radio  station. 
To  determine  the  true  bearing  every  10-15°  of  turn  of  the  ship  we  determine  radio 
bearings  q and  simultaneously  compass  courses  (KK).  rnow*  g deviation  of  the  compass 
AK  and  declination  AM,  we  calculate  p and  ft 

^=se-(/C/C  + AJW-l-d;f) 

Vfhen  taking  the  curve  of  deviation  It  is  necessaiT-  that  at  a radius  of  at 
least  one  nautical  mile  there  are  no  other  ships  or  harbour  structures. 

Tl'ie  power  of  I'adio  station  from  which  we  take  the  deviation  should  be  sufficient 
so  that  readings  are  absolutely  clear.  With  large  range  of  waves  of  the  direction 
finder  we  take  deviation  on  several  waves. 

Deviation  varies  with  change  of  the  drought  of  the  ship. 

So  that  there  Is  no  error  from  parallax,  the  distance  from  the  loop  of  the  radio 
direction  finder  to  Instrument,  on  which  we  read  the  heading,  should  be  not  more  than 
1/192  of  the  distance  between  the  direction  finder  and  the  transmitter. 

If  in  the  radio  direction  finder  there  Is  no  means  of  compensation  for  devi- 
ation, after  detemlr.atlon  of  deviation  and  construction  of  the  curve  of  deviation 
we  calculate  coefficients  of  the  expansion  of  the  curve  In  a Fourier  series. 

Calculation  of  coeff Iclente  of  deviation  Is  reduced  to  replacement  of  Integral 
expressions  of  coefficients  of  the  Fourier  series  by  the  sura  of  ordinates  of  the 
curve  of  deviation  at  definite  Intervals  of  degrees.  In  Table  10.1  (see  insert  at 
the  end  of  the  book)  there  is  given  the  form  for  calculating  coefficients  of  devi- 
ation using  ordinates  eveiy  15°. 
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After  detcralnlng  coefflciente  of  deviation  we  Inspect  around  t)'®  loop  cf  the 
direction  finder  to  see  If  they  are  removable  factoro,  caualng  any  abnoranlly  great 
coefficient  (see  § S.8).  As  a rule,  after  removal  of  factors  causing  deviation  It 
Is  necessary  to  again  take  the  curve  of  deviation. 

On  the  banis  of  the  obtained  results  for  subsequent  use  we  construct  curves  oi 
devietlon  or  compose  tables  of  deviation  for  approximately  evei'y  che-K'e  of  q. 

If  ill  the  radio  direction  finder  there  is  equipment  to  compensate  for  devi- 
ation, then  we  first  determine  deviation  only  on  eight  headings!  0,  45#  90# 
at  that  frequency,  at  which  compensation  Is  provided.  We  calculate  coefficients  A, 

D,  and  B#  which  compensate.  Then  we  take  residual  curves  of  deviation  by  one  of 
described  methods. 

10.2.  Radio  Direction  Finder  on  an  Aircraft 

On  on  aircraft  radio  direction  finder  besides  normal,  requirements  there  is 
presented  an  additional  one  — strength  of  construction  (loop,  receiver,  etc.)  with 
minimum  vol'ime  and  weight.  Such  a requirement  Is  set  because  equipment  on  an  aircraft 
experiences  scrong  ahookc.  For  combat  shocks  the  receiver  is  fastened  to  special 
shock  absorbers. 

Aircraft  Interferences,  In  two  forms  — acoustic  and  electrical  — adversely 
affect  actual  sensitivity  of  a radio  direction  finder. 

In  light  of  the  Impainnent  of  the  actual  sensitivity  from  acoustic  Interferences 
during  sound  direction  finding,  on  aircraft  hhey  apply  visual  radio  direction  finders, 
most  frequently  radio  compasses  and  radio  compasses, 

basic  electrical  interferences  are  Interference  from  Ignition  and  interference 
from  electric  generators  and  motors  of  the  aircraft.  The  most  effective  method  of 
counteracting  interferences  of  ignition  Is  complete  shielding  of  the  Ignition  circuit. 
Other  methods  do  not  lead  to  complete  freeing  from  Interferences  in  the  wide  ba.nd 
width  of  the  direction  finder.  Interferences  from  eHectrlcal  gererators  and  motors, 
mainly  commutator  noises,  are  cancelled  by  blocking  their  circuits  v/lth  chokes  and 
capacitances,  and  measures  are  also  taken  to  decrease  sparking. 

In  spite  of  all  the  measures  against  interferences,  the  level  of  noises  on 
aircraft  is  greater  than  on  earth,  and,  consequent.ly,  sensitivity  of  a radio  direction 
finder  is  worse. 

The  aircraft  rsdio  direction  fjnder  is  often  used  for  flight  on  a radio  station. 
In  this  case  the  rotatable  loop  5.o  Installed  across  the  airplane  fuselage  (the 
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goniometer  Is  sot  nt  0 ),  and  the  course  of  aircraft  Is  regulated  In  such  a manner 
that  the  loop  remained  In  the  position  of  bearing  (in  telephones,  zero  audibility, 
or  on  the  Indicator  of  the  ucuuicompapfi,  a zero  reading). 

With  such  use  of  a radio  direction  finder  from  wlnvl  there  Is  created  drift  of 
the  aircraft  and  time  of  flight  Is  extended.  By  selection  of  a lending  course,  nt 
which  the  resultant  speed  of  the  aircraft  and  wind  coincide  with  the  direction  of 

fligl.t.  It  Is  possible  to  achieve  a 
direct  line  of  flight;  for  this  we 
rotate  the  loop  a bit.  Correct  rotation 
of  the  loop  can  be  Judged  by  preaervatlon 
of  the  compass  reading,  if  we  maintain 
the  course  from  readings  of  the  radio 
direction  finder.  With  Increase  of 
flight  speed  the  Influence  of  wind  drift 
decreases. 

Orientation  and  check-out  of  the 
mounting  of  the  antenna  array  of  the 
radio  direction  finder  on  an  aircraft 
IS  carrlea  out  Just  oo  on  a shlo. 

Taking  of  the  deviation  of  an  aircraft 
radio  direction  finder  in  air  presents 
difficulties.  Usually  we  place  the  aircraft  in  flight  position  on  the  ground  on  a 
rotating  circle  and  turn  it  at  different  angles  to  a local  transmitter,  located  a 
distance  of  at  least  2-3  X from  the  aircraft  [10.1],  ny  comparison  of  visual 
readings  and  radio  bearings  we  determine  deviation,  'Itie  site  where  we  take  the 
deviation  should  be  free  of  disturbing  objects  (wires,  antennas,  trees,  etc,).  The 
procedure  for  taking  the  deviation  curve  and  analysis  of  results  for  an  aircraft 
radio  direction  finder  do  not  differ  from  the  procedure  and  analysis  for  a ship 
radio  direction  finder. 

Sample  deviation  cuinreh  of  a medium-wave  ra.dlo  direction  finder  on  an  aircraft 
are  given  in  Fig,  10.1. 

1 C . 3 . Compcnentlon  of  Deviation  in  n Parllo  Direction 
I'lncer  v/i*.h  a .HovOtobJe  Loop 

There  exist  several  methods  of  compensation  of  deviation  of  a radio  direction 
finder.  Tney  can  be  divided  Into  two  groupsi  methods  of  mechanical  compensation  of 
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Pig.  10,1.  Sample  deviation  curves. 


Aevlntion  (inO)  methods  of  electrlcel  compensation  of  deviation. 
In  some  Inatallationo  both  methods  are  used  eimultaneouBly, 


Mechanical  Methods  of  Compensating  Deviation 


Principle  of  work  of  a mechanical  compensator  Is  based  on  the  fact  that  the 
dial  (or  dial  Indicator)  on  which  the  bearing  Is  read  fitted  on  the  shaft  (of  the 
loop  or  goniometer)  by  an  auxiliary  device.  This  device  creates  displacement  of  the 
dial  (or  dial  Indicator)  with  respect  to  the  loop  or  searcher  coll  of  the  goniometer 
an  angle,  equal  to  the  deviation,  and  thus  deviation  Is  compensated. 

In  Fig,  10,2  Is  depicted  a system  of  four  levers  a,  b,  e,  and  d,  connected  at 
points  1,  2,  3 by  hinges.  Between  points  1 and  3 there  acta  a spring,  thanks  to 
which  hinge  2 and  the  roller  attached  to  It  constantly  press  on  disk  L.  Lever  a Is 
connected  to  the  shaft  of  the  loop  (or  searcher  coll  of  the  goniometer))  lever  b Is 
connected  to  the  dial  Indicator.  With  rotation  of  the  loop  shaft  the  dial  Indicator 
tracks  the  loop. 

If  disk  L has  the  form  of  a circle,  then  the  angle  between  the  loop  and  the  dial 
Indicator  remains  constant,  since  their  relative  position  does  not  change.  Giving 
disk  L the  corresponding  form,  differing  from  a circle,  it  Is  possible  so  to  move  the 
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with  a projection)  as  to  compensate  any  deviation  of  the  radio  direction  finder. 
Sometimes  Instead  of  disk  L we  employ  flexible  steel  tape,  whose  form  Is 
regulated  by  levers.  The  roller  goes  inside  tape.  The  spring  draws  points  1 and  3 
together. 

The  mechanical  compensator  can  compensate  deviation  of  any  law.  However,  It  Is 
advisable  to  compensate  only  even  coefficients  of  deviation  D,  Z and  constant  devia- 
tion A,  Actually,  If  one  were  to  compensate 
semicircular  deviation  (B  and  C),  then,  reading 
the  bearing  not  fi'om  the  correct  side  (q  t l^o'^),  v;p 
make  an  error,  equal  to 

2(B8ln?  + Ccos9), 

and  with  noncompensated  semicircle  of  deviation, 

If  we  do  not  consider  deviation,  error  la  equal 

Pig,  10,2,  Mechanical 
compensator  of  devla-  only  to 

tlon* 


BUn?+Cco5  q. 


Pig.  10.3,  Change  cf 
coefficient  of  devi- 
ation D with  change 
of  wavelength. 


The  mechanical  compensator  cancels  deviation  on  one  wave.  For  other  waves  there 
are  given  tables  and  curves  of  residual  deviation. 

Electrical  Compensation  of  Deviation  by  Installing  a Loop 

As  was  shown*  of  greatest  Import. once  In  deviation  of  ship  and  aircraft  radio 
direction  finders,  working  on  medium  and  long  waves,  la  quadrant  deviation.  Therefore 
In  practice  we  are  limited  to  electrical  compensation  only  of  this  deviation, 
although  In  principle  we  can  compensate  electrically  for  other  components  of  devi- 
ation. We  already  saw  that  the  body  of  a metallic 
ship  (aircraft,  dirigible)  creates  deviation  with  the 
same  law,  as  a re- emitting  loop.  On  the  basic  of  thin 
It  In  possible  to  compensate  deviation  caused  by  the 
metallic  body  by  Installation  of  an  auxlllarj'  frame. 

The  body  of  a metallic  ship  (aircraft,  dirigible) 
lE  equivalent  to  a closed  loop  with  characteristic 
wavelength  approximately  equal  to  twice  the  length 
of  the  body.  The  law  of  change  of  D with  change  of  the 
received  wave  >.  's  shown  In  Fig,  10,5.  Ideal  compensation  on  all  waves  could  have 
been  achieved  by  construction  around  the  direction  finder  loop  of  a closed  loop  with 
pui'tvmevCi'd,  uH'^al  ‘w  pbi‘aiuetei.0  uf  Cue  frame  which  is  equlvulenC  co  ihe  body.  In 
practice,  this  In  unrealltable,  since  we  obtain  very  3erge  dimensions  of  the 
compensating  loop.  It  is  possible  to  constiujct  compensating  loops  of  smaller 
dimensions,  and  couple  them  to  the  direction  finder  loop  in  such  a manner  as  to 
compensate  deviation,  e.g,,  on  long  waves.  Since  the  fixed  wave  will  be  much 
larger  the  characteristic  wave  of  such  an  additional  loop,  the  compensated  devia- 
tion will  almost  not  vai-j'  with  change  of  the  waves  of  direction  finding.  This  will 
occur  until  the  wave  approaches  the  characteristic  wave  of  the  frejne,  equal  to  Its 
perimeter.  It  turns  out  that  by  an  additional  loop,  practically  rellzable.  It  Is 
possible  to  compensate  coefficient  D,  constant  on  the  wave  range. 

For  a great  many  aircraft  and  ships  In  their  working  range  of  direction 
finding  coefficient  D remains  constant,  and,  consequently,  for  compensation  it  Is 
possible  to  choose  a compensating  closed  circuit. 

According  to  frumiula  (5.^(5)  we  had 
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Given  the  area  of  compcnBotln^s  loop  S^,  It  1b  poBBthle  to  calculate  L^,  and 
and  then  ta  (li  nn'i  — nui;ii^cr  'H’  turns  aii'l  ili''  aj'<'n  ^>i'  tlm  '!lri-ntJoii  finj'M' 
loop  ~ are  known).  Prom  m we  calculate  coefficient  D,  compeneated  by  the  additional 
loop.  ThU8i  by  approximation  It  la  poaalble  to  find  the  required  compensating  loop. 
Sometimes  for  compenaatlon  they  make  the  additional  loop  rigid,  consisting  of 
two  spaced  steel  rings,  fixed  niotlonleasly,  sjTnmetrically  to  the  shaft  of  the  loop 

on  both  sides  of  It,  along  the  longitudinal  axis  of  the 
ship  (aircraft). 

By  changing  the  Inductance  of  coll,  which  closes 
the  rings  (Pig.  10. ij),  it  la  poaalble  to  achieve 
compensation  of  the  required  value  of  coefficient  D, 

The  adjustaole  magnitude  In  this  construction  la  ^01* 


10.4.  Electrical  Compensation  of  Deviation 

In  a Gonlomctrlc  JG'inio  Direction  Pincer 


Fixed 
compensating  loops. 


Compensation  of  Quadrant  Deviation  D sin  2q 

Earlier  It  was  showii  that  If  fields  created  by 
field  colle  of  the  goniometer  are  not  identical  and  are  equal  to 

H«K0  MtKO 

whore  n ^ 1,  then  In  the  direction  finder  there  appears  error,  which  Is  expressed 
(4.16) j 
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The  dependence  (4,1(3)  of  error  on  the  arrival  direction  of  tl,e  wave  Is 
analogoxis  to  quadrant  deviation  from  the  hull  of  a ship  (5.57).  This  view  can  be 
used  for  compensation  of  quadrant  deviation  In  gonlometrlo  radio  direction  finders, 
creating  in  the  goniometer  on  error  the  opposite  of  the  deviation.  Field  colls  of 
the  gonloaieter  are  made  Identical!  to  produce  of  unequal  fluxes  one  of  the  field 
coils  (longitudinal)  is  shunted  by  an  Inciuctonee  of  a combine  inductance  and 
capacitance. 


only  an  Inductajwe,  In  which  there  Is  created  an  error  oppoolte  to  quadrant  devi- 
ation D nl.n  2q,  and  nonr.i.ant.  In  the  wave;  rnii.r.-. 

Let  UB  deslgnatei 

^long  l->^'1^2tance  of  longitudinal  loopj 
^trans  — induotancu  of  transv.-rn-,:  loni.; 

Lj^  — Inductance  of  each  field  coll  (we  aooume  they  are  Identical); 

Lg  — shunting  Inductance; 

h^  — virtual  height  of  each  loop. 

ilien  the  maximum  flux  In  the  goniometer  from  the  traneverse  loop  la  equal  to 
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maximum  fltuc  from  the  longitudinal  loop  is  equal  to 
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= 0//, 
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whence 


"f  = L,  ••  L.  then 
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(10. 1 ) 


Knowing  quadrant  deviation  of  the  radio  direction  finder.  It  Is  possible  to 
select  a in  such  a majiner  that 
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i.e.,  so  that  there  is  created  a deviation,  opposite  In  sign  to  deviation  from  the 
hull.  Then  quadrant  deviation  of  radio  direction  finder  wll]  be  cancelled; 


U, 


Prom  formula  (10.1)  the  expression  for  shunting  Inductance  Lg  will  be 
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Usually  the  coll  for  shunting  longitudinal  loop  (compensating  choice)  is  made  with 
leads,  where  they'  are  chosen  In  such  a manner  as  to  compensate  the  coefficient  of 
quadrant  deviation  D approximately  each  degree.  Then  after  taking  the  deviation 
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curve  It  la  simple  to  connect  the  corresponding  lead  of  the  coll. 

Since  from  equations  (10. J)  and  (10.4)  It  la  clear  that  Lg  doea  not  depend  on 
wavelength,  then  the  compensated  quadrant  deviation  D will  rot  depend  on  the  wave. 

Quadrant  deviation,  not  depending  on  wavelength,  is  obaerved  with  waves,  Isrger 
than  >10  lengths  of  the  ship  hull. 

In  this  calculation  we  dlaregarded  capacitance  of  feeders,  conned. .l..g  the  loops 
to  field  colls  of  the  goniometer.  If  we  consider  these  capacitances,  then  It  turns 
out  that  the  compensated  coefficient  of  quadrant  deviation  D doee  not  re^aaln  constant 
on  different  waves,  but  g^'^ws  with  decrease  of  wavelength.  Sharpness  of  change  of  the 
compensated  coefficient  v;lth  the  wave  depends  on  the  magnitude  of  the  capacitance 
of  the  feeders.  In  practice  the  coefficient  of  quadrant  deviation  of  a ship 
(aircraft)  radio  direction  finder  also  grows  with  decrease  of  the  wavelength.  On 
long  waves  the  capacitance  of  feeders  is  small,  and  the  compensating  choke  can  be 
calculated  by  formula  (10.4). 

Sometimes  after  connection  of  the  compensatlonal  choke  designed  for  the  longest 
wave  and  determination  on  several  waves  of  residual  deviation  it  Is  found  that  on 
shorter  waves  there  is  a coefficient  of  quadrajit  deviation.  Increasing  with  decrease 
of  wavelength.  The  means  that  abruptness  of  change  of  the  compensated  coefficient 
D with  the  wave  is  less  than  abruntnesa  of  change  with  the  wsve  of  real  eneffiei ent 
D.  In  such  a case,  in  order  to  achieve  the  best  compensation  of  quadrant  deviation 
In  the  wave  range,  it  is  tiecessary  to  couple  an  additional  capacitance  In  the 
transverse  loop.  Conversely,  if  steepness  of  variation  of  the  compensated  coef- 
ficient a with  the  wave  Is  greater  than  steepness  of  variation  of  the  real  coef- 
ficient D,  then  one  should  couple  the  capacitance  In  the  longitudinal  loop  [10.2], 

In  a two-path  automatic  radio  dli-ectlon  flndci  It  Is  possible  to  compensate  the 
coefficient  of  quadrant  deviation  D,  constant  In  the  frequency  range,  by  employing 
unequal  gain  factors  in  the  charinels. 

Compensation  of  Quadrant  Deviation  E cos  2 q 

During  the  analysis  of  the  gonlometrlc  system  ve  saw  that  presence  of  coupling 
between  field  coi].s  of  the  goniometer  leads  to  the  appearance  of  quadrant  error  of 
form  E COB  2q.(§  4.6),  where  (4.27) 
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where  — coupling  Impedance  between  field  coIIb) 
Z “ Impedance  of  loop  circuit! 


•Tjr  — has  totally  real  value,  if  we  dlaregard  active  component  a of  and  Z. 
Simultaneously  there  appears  octant  error  K dn  !iq,  where 


K 


By  choice  of  coupling  Impedance  Z^  It  Is  possible  to  compensate  quadrant  devi- 
ation S COB  2q. 

Hie  Blmpleat  method  of  creating  of  coupling  between  field  coils  la  connecting 
Inductances  (compenaatlonal  chokes)  between  the  field  coIIb  (Fig,  10.5). 

In  Fig.  10.5a  we  designate: 

L — Inductance  of  loop; 

— Inductance  of  field  coll; 

Lg  — Inductance  of  coupling  coll  (compenaatlonal  choke); 

Lj  — inductance  of  searcher  coll. 

Let  us  disregard  active  resistances  of  loop  circuits.  We  determine  the  expres- 
sions for  Z and  Z^.  We  designate  (Pig.  10.5b)  resistance  of  the  part  of  the  circuit 

below  points  aa,  but  above  points  bb  by 
X.  Impedance  of  the  loop  circuit  is 

2s=s/(i»L4- A). 

We  find  the  expression  for  from  the 
influence  of  circuit  II  on  circuit  It 

Zt—UmL-]-X)  u,  + 2{LLi-tL,L^)  ' 

Compensated  coefficient  of  deviation 
will  be 

Fig.  10.5.  Compensation  of  deviation 
£ cos  2q, 


E— X“  nJ'+x)  “-Tr.+zitL.+t.Ar  (io*5) 

FormuJ.ae  (10,):)  and  (10,5)  for  compensated  coefficients  of  deviation  E and  S are 
absolutely  Identical. 

Consequently,  inductance  of  colls  Lg  for  compensation  of  deviation  E cos  2q 
should  be  calculated  .lust  a,:  Inductance  of  the  coll  for  compensation  of  deviation 
D sill  2q, 


A Bhlp  radio  direction  finder  with  a goniometer  oyetera  usually  Is  equipped  with 
three  Identical  compensatlonal  chokea  with  leada  for  compenaatlnn  of  deviation  evei-y 
1®,  One  choke  nerveo  to  comnensate  coefficient  of  deviation  D,  and  we  connect  It  In 
parallel  to  the  longitudinal  loop  of  the  radio  direction  finder.  Two  otlier  chokes 
serv'e  to  compensate  coefficient  of  deviation  Ej  they  are  connected  between  termlnnla 
of  the  field  colls. 

In  comparison  of  mechanical  and  electrical  methods  of  compensation  of  deviation 
one  should  note  tVie  basic  deficiency  of  mechanical  systems  — lowering  of  accuracy 
of  reading  of  bearing. 

Let  us  assume  that  the  design  and  electrical  circuit  of  a radio  direction 
finder  permit  with  a given  certain  field  strength  of  the  fixed  radio  station, 
wavelength  and  averege  observer  a certain  accuracy  of  bearing  reading  (error  fq). 

By  a mechanical  deviation  compensator  we  compensate  quadrant  deviation 

/sDsinSg. 

The  true  bearing,  corrected  by  the  mechanical  compensator.  Is 

P=g-i-f=<]-rDs\n2(j. 

Error  of  reading  Ap  will  be  obtained  by  differentiation  of  p with  respect  to  q« 

(I  -f  20  cos  2(7). 

VThen  q *■  45,  155»  225  and  515°*  ’ ^<5*  i.e.»  accuracy  of  reading  does  not. 

change. 

When  q “ 0,  90,  I80  and  270°,  Ap  Aq(l  t 2D),-  where  D Is  expressed  In  rfidJnns. 
Accuracy  of  the  taken  bearing  depends  on  D.  Thus,  If  D ■>  15°;  2D  ■ 30°  ■ 

••  0.503  rdu,  then  Ap  l,5Aq, 

With  growth  of  D Inaccuracy  of  reading  of  bearing  on  a radio  direction  finder 
with  a mechanical  compensator  of  deviation  Increases,  so  that  work  will  be  especially 
bad  when  D is  great. 

Electrical  methods  of  compensation  do  not  possess  this  deficiency. 

The  mechanical  compensator  of  deviation  creates  additional  error  when  there  Is 
on  angle  of  silence  (oscillation  of  the  pointer  of  the  Indicator  because  of  n'-.ises, 
etc.).  Indeed  let  us  assume  th.at  on  the  dial  of  the  radio  direction  finder  limits 
of  the  angle  of  silence  will  be 

/*« = ”1“  O sin  27,, 

/»•=?.  4- Osin  27,. 

True  bearing  lo  equal  to 

P — ^^~  4-.Dsin  (7,  + 7i). 
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Bearings  on  dial  Is  defined  ao  the  arithmetic  mean  of  and  pg! 

» (sin 2^.  .fsin &,.) 
or 

/>, = *-^4^  "i*  f*?.  • - ^i)- 

Error  lii  reading  of  beanli^g  will  be  determined  fi'oir.  expresalcn 

|A|  = l/>.  — pl—Dsln(7, -(-<;,){!  -cos((7, -(7,)). 

For  any  angle  of  alienee,  determined  by  - q^,  maximum  error  will  be  at  "*■  <lj  “ 
- 90°.  Then 

I A.„c  I ==  D (1  - cos  (c.  - ^.)I  ==  20 ). 

If  0 - 20®,  q^^  - 65®,  qg  - 25°,  l.e.,  angle  of  silence  Is  l»0°,  then 

|A„.c|  = 40<»fim'20“=4».  7. 

10,5.  Land  (Airport,  Shore)  Radio  direction  Finder 

The  antenna  system  of  a ground  radio  direction  finder  should  be  Installed  as 
far  as  possible  from  re-emlttlng,  current-conducting  objects  on  a site  with  good 
ground  conductivity.  At  the  place  of  Installation  of  a radio  direction  finder  there 
should  be  no  Industrial  Interferences,  Impairing  Its  sensitivity  and  accuracy.  The 
place  should  be  selected  so  that  it  Is  convenient  as  far  as  access  roads,  power 
supply,  communication  circuits,  and  so  forth.  It  should  be  suitable  for  work  In 
the  RDF  network  (see  Chapter  11), 

Let  us  discuss  In  greater  detail  the  fitness  of  the  place  from  the  point  of 

view  of  ground  conductivity  and  surroundings. 

Requirements  for  ground  conductivity  are  determined  by  the  type  of  antenna 

system  of  the  radio  direction  finder.  This  question  is  considered  In  Ch;*.pter  6,  If 

there  Is  installed  on  antenna  system,  whose  feeders  must  be  protected  from  reception 

of  a horizontally  polarized  electrical  l'5e'  for  Instance  a U-shaped  gonlometrlc  or 

phase  sjistesi  of  spaced  vertical  antennas,  the  ground  conductivity  on  the  antenna 

1 

Bite  should  te  at  least  10  if  the  feeders  are  burled  In  the  ground,  and  at 

least  10  there  is  applied  a ground  metallizing  network. 

Ground  conductivity  con  vary  from  month  to  month.  For  determlnatlOT:  of  averagu* 
or  mlnlm'um  ground  conductlvl.ty  by  separate  mcaBuremcnts  see  [10,8),  Creund 
conductivity  snould  be  measured  not  only  on  the  surface,  but  at  the  depth  of  laying 


of  feedei'a  (about  2 m burying  of  feedere).  During  mPaBUrementB  it.  1b  nacesRary 

to  Consider  the  depth  of  penetrfttlc>n  of  electromagnetic  waves  In  the  boII.  In 
addition  to  Fig,  6.')  In  Table  10.?  there  are  given  fo.*  soils  two  values  of  ('epth 
conductivity  where  field  strength  decreosea  to  1/30  with  respect  to  the  field  at 
the  surface.  One  should  ni&o  turn  attention  to  whether  ground  conductivity  Is 
identical  within  the  antenna  site  (see  § 5.2). 

In  Table  10.?  there  arc  given  pemlsslble  minimum  distances  to  certain  rever.se 
emitters  or  permissible  angles  of  visibility  when  utlng  an  antenna  eystcin  with  a 
cosine  directivity  pattern  [10.6].  With  Increase  of  separation  of  antennae  errors 


Table  10.2.  Depth  of  Pen- 
etration of  Radio  Waves, 
at  Which  Field  Strength* 
Decreases  to  1/10, 


1 of  r 

I4C  cor.f!iieilvltv 

>» 

ductlvily 
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• ir-«  r'.sr. 
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4 
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39 

II 

i 1.8 

900 

11 

1.8 

from  the  influence  of  reverse  emitters  decrenso 
(§  5.-?)  end,  correspondingly,  distance  to  emitters 

can  be  decreased.  Distances  of  Table  10.?  are  glve.n 
separately  for  long  and  medium  waves  (range  of 
frequencies  100  Kc  to  1.5  Me),  short  waves  (range 
of  frequencies  1,5  to  ?0  Me)  and  ultra.^hort  wav®.. 

(?0  to  1)00  Me)  and  for  two  cases i 

a)  when  expected  itP*-;  .iuuaratlc  error  o fiom 
the  iniluenev  t.u  tne  reverse  emitter  o nos  a value 
on  lo-jg,  medium  ajid  short  waves  of  1*^,  and  in  DHP 
range  0.5°} 

b)  when  expected  mean  quadratic  error  o from 
influence  reverse  emitter  has  value  on  long,  average  and  sliort  waves  of  5°>  and 
3.”.  DliF  range  2°.  'The  easier  requirements  pertain  to  the  case  when  it  Is  possible 
to  permit  the  worst  accuracy  in  light  of  other  advantages  of  the  place. 

Simultaneously  with  errors  there  can  be  observed  blurred  minima  during  sound 
direction  t *dlng  and  an  elliptical  Image  of  bearing  In  a two-channel  visual  radio 
direction  finder.  If  phases  of  r.leld3  of  the  for.^ard  and  reverse  emitters  do  not 
coincide.  In  composing  Table  10.?  it  was  assumed  that  the  re-emitter  creates 
maximum  po.ssible  error  without  Impairing  the  actual  reading. 

The  table  was  composed  on  the  basis  of  experimental  materials  and  calculating 
formulas  of  errors  from  reverse  emitters,  having  regular  geometric  forms  (sphere, 
hcmJ.aphere,  cube,  mirror  surface,  vertical  wire,  horizontal  wire,  etc,). 


99? 


Tftble  10,3.  Requirement  to  Knoure  Normal  Work  of  a kaJio  Direction  Finder 


Wttver(100  K=  (1.^)  to  30  Me)  (30  to  .'(OO  Mo) 
tol.‘,  Mo^ 


Slope  of  section, 
deg 


Vertical  conductors 

— for  a grounded 
one  of  length  I •• 

••  0.1  *.  (vertical 
angle,  deg) 

- for  . 

grounded 
one  1 ■ 

■■  0 . f e "*■ 

- for  un- 
grounded I (dls- 
one  J • tance) 

- 0.5  >. 

— for  un- 
grounded 
one  length 
several  X ) 


0 “ 5 

^ ••  \ 

2 

1 

0.5 

21 

151 

1 

30  m 

1 

Slanted  conductors 

— In  gen- 

eral  ” ] 

— (uigle  ! (dlo- 
of  incll-  ' tance) 
nation 

Ji5°  > 


Horizontal  wires 

— telegraph  180- 

at  height  200 

h - 6-7  m I 

- higher 
suspenslon 

H ; h 


Approximately  ar.  in  point  II 
Half  as  large  as  In  point  II 


See  meditro  wavelengths 


Wire  barrier 
(distance,  m) 


l.ai'ge  'oariuc  ting 
ob.lec  t;; 

—square  \ 

In  area 

X X X (dls- 

— other  } tance 
area 


Does  not  Influ- 
ence ii' 
griiuj.dnd 


See  point  IX 


180, 

30 

[10.7] 


Varies  In  proportion  to  area  of  object 


(Table  10.3  continued) 


Humber  Causes  of  error  and 
of  nersuneiers  limited 

rclr.t  by  them 


Arirnl flsl ble  values 


Average,  medluii  Short  waves  Ultrashort  waves 

waves  (100  Kc  (1,5  to  7-0  Me)  (30  to  ■ - !/■) 


to  1 . ■ Kc ) 


0-3 


o - 1'’  o - 5" 


Forest 

—single 

trees 

—large 

group  of 

trees 


1 (dlfl- 


Isolated  hlllu 
(vertical  angle, 

des) 

Mountainous  site 


90  360 


Should  not  black 
out 


.ot  fit  for  Installation  of  RDF 


Buildings 

—small  nonconduct- 
ing (vertical  angle, 
dlatoTice) 

—large  conducting 
ones  (distance,  m) 


Buildings  housing 
RDF 


v;ooden 


Takeoff  and  landing 
reinforced  concrete 
ali’port  runways 
(distance) 


i<5  w Ho  In- 
fluence 


No  Influence 


River  (distance,  m)  Ho  ii.- 
f luence 


XIII  Ditches,  embank- 
ments (distance,  m) 


XIV  Rallroaa  rails 
(distance,  m) 


If  the  diptance  to  the  reverse  emitter  differs  from  that  shown  in  the  table,  one 


should  consider  that  field  strength  from  the  reverse  emitter,  and  consequently  also 


the  error  vary  on  long,  medium  and  short  waves:  If  the  distance  to  the  emitter  Is 
less  than  0.1 >.  It  is  Inversely  proportional  to  cube  of  distance  D (by  dependence  1/D^); 


If  dlBtance  Is  more  than  X,  It  varies  as  1/J;  In  range  of  frequenclee  above  30  Me 


with  distance  of  ceveraJ.  wavelengths.  It  varies  as  1/D  . 


FI 

i 


Total  naan  quadratic  arrcr  from  aaveral  reverae  amlttera,  each  of  which  cauaea 
error  Og,  Oj,  ...t  l-''-  mor.t  »:orrcctly  ('airulnto^i  by  thf;  ffifrnula 

The  alte  chooan  for  Installation  of  the  antenna  aystem  after  external  inspection 
at  a radius  of  several  wavelengths  usually  Is  Inspected  for  faults  by  a portable  radio 
direction  finder  and  local  transmitter,  carried  or  trajisported  on  motor  vehicle, 
ship,  or  aircraft  around  the  ojitenna  system,  or  by  direction  finding  of  radio  stations 
whose  locations  are  taiovm.  The  site  is  considered  suitable  for  a radio  direction 
finder.  If  mean  quadratic  error  does  exceed  tolerable  limits.  So  that  It  Is  possible 
to  use  a local  transmitter,  around  Its  antenna  at  a radius  of  about  0.5  > i.hc/  f; 
should  not  be  reverae  emitters. 

Distance  from  the  tx-ansmltter  to  the  center  of  the  antenna  system  of  the  radio 
direction  finder  should  be  at  least  find  J-i)  times  greater  than  the 

separation  of  antei-mas  In  the  antenna  system  of  the  radio  direction  finder. 

Inspection  of  the  alte  permits  detemlnlng  the  order  of  errors  expected  during 
operation. 

When  constructing  the  home  for  a direction  finder  one  should  avoid  construction 
vf  iuttul  dr^ir*  ftiid  .il^h tf A iius . /it  n uxt/uaijce  o/  abouL  IpO  m 1 rom  the 

house  electrical  and  telephone  wiring  must  go  Into  underground  cable. 

If  the  antenna  system  of  vertical  antennas  Is  mounted  around  the  location  with 
the  receiver-indicator,  then  po^*'-*  nnrf  ooirjnunlcati on  cables  should  be  brought  in  sym- 
metrically to  a pair  of  adjacent  feeders,  on  the  bisector  of  the  angle  between  them. 

Wiring  inside  the  building  should  be  very  close  to  the  floor,  avoiding  creation 
of  loops  (frames).  If  the  radio  direction  finder  is  installed  together  with  the 
transmitter,  the  antenna  of  the  latter  should  be  mounted  symmetrically  to  the  outdoor 
array  of  the  direction  finder,  whose  vertical  •>  i+onnas  are  set  around  the  building. 

In  the  case  of  Inst-.iiavlon  of  several  outdoor  i .ays  on  one  site  to  solve  the  problem 
of  the  permissible  minimum  distance  between  antenn,:  systems  one  should  be  guided  by 
the  fact  thot  ;senlt..  angle  at  which  one  car*  see  outdoor  display  from  the  center  of 
the  other,  should  be  no  more  than  2-5°. 

With,  a slanted  site  with  slope  permissible  according  to  Table  10.5  vertical 
antennas  In  the  system  should  be  set  normally  to  the  plane  of  the  alte. 


/tot 

In  a hilly  alte  the  beat  place  la  aumniit  of  a oeeluded  round  hill,  which 
dominates  the  remaining  hills. 

The  instfilled  radio  direction  flndor  before  use  la  calibrated  by  a local  trons- 
Hitter,  obaervlng  here  the  ahown  reqvilalt.e  distances  between  transmitter  and  antenna 
ayatem  end  satisfying  requlrenenta  on  aurroundlnga  of  the  tranaraltter  antenna,  or  by 
distent  radio  atatlona. 

The  radio  direction  finder  is  calibrated  also  periodically  during  operation  to 
cheelt  Its  accuracy.  To  permit  periodic  calibration  dimenalons  cf  the  direction 
finder  site  which  are  free  from  re^enitters  are  increased,  since  aound  the  antenna 
of  the  transmitter  there  also  should  be  no  reverse  emitters.  As  a result  of  analyala 
of  calibration  materials  wc  obraln  an  estimator  of  the  accuracy  of  direction  finding. 
If  the  obtained  constant  errors  are  confirmed  by  operation  specifications  of  the 
radio  direction  finder,  they  are  considered  corrections  to  bearings.  Soraetlnes 
results  of  calibration  help  us  to  find  and  remove  the  cause  of  large  errors. 

It  is  necessary  to  consider  that  errors  from  a local  transmitter  can  differ 

from  errors  from  distant  radio  stations  because  of  nonoolncldenees  of  relative  phases 

of  fields  of  forward  and  reverse  radiation 

when  fixing  local  and  distant  transmitters. 

T,et  us  detenrlne  such  a min Ir, urn 

dlotance  to  a local  transmitter  that 

errors  from  local  and  distant  transmitters 

differ  by  not  more  than  lOjS  (Fig,  10.6). 

In  the  figure  we  designated j 

DF  — radio  dlrectJ.on  fl.nderj 

RE  — reverse  emitter  at  distance  X 
from  direction  finder; 

LT  ” local  transmitter  at  distance  D from  direction  finder  (D  » X). 

nifference  of  phases  of  fields  of  forward  and  reverse  radiator  during  direction 
finding  of  a distant  radio  station  ulll  be 


Fig.  10.6,  Direction  flndliig  of 
near  and  distant  transmitters. 
KEY;  (a)  [Designation  vmcertp.'n, 
R ^ could  be  radio  station]. 


* _S»A- 

f, y-. 


The  same  difference  of  phases  from  a ivc-*!  transmitter  Is 


A?"'  AiT- 


or 


Error  In  direction  finding  le  proportional  to  the  cosine  of  tlie  difference  of 
phases  of  the  fields  of  the  forward  and  reverse  radiators. 

To  satisfy  the  formulated  requirement  for  permissible  difference  of  errors 

COB  0^ 

during  direction  finding  of  local  and  distant  transmitters,  condition  — « 0.'^ 

cos  ipj 

should  be  satisfied.  Since,  for  ^ > o cos  qj^  •»  + Aq  ) c-.r  - /.q-  i;3ii  q 

cos  Pj 

*coe  V‘  ■ ^ tan  and  Ap  tan  Pj  '•  0.1  or  we  should  have 


Consequently,  when  X ••  100  m we  should  have  conditions i 
for  X - 300  n,  D * 1.7  to)  for  X ••  12  a,  D i 1)5  to. 

On  short  waves  these  requirements  are  not  practically  feasible.  Even  If  calibration 
Is  performed  at  the  required  distance,  error  varies  with  the  frequency,  azimuth  and 
height  of  location  of  the  transmitter.  In  Table  10.it  there  are  calculated  changes 
of  frequency,  azimuth  and  angle  of  inclination  of  the  wave  front,  corresponding  to 
change  of  error  of  bearing  from  the  Influence  of  the  reverse  radiator  from  a maximum 
value  down  to  zero.  It  la  assumed  that  the  rsverse  radiator  la  a distance  of  100  m 
from  the  antenna  system  of  the  radio  direction  finder. 

From  the  presented  It  follows  that 


Table  10. i».  Changes  of  Frequency,  Azimuth 
and  Anale  of  Inclination  no  the  wave  Front, 
Correnpnndlnf!  to  Change  c-f  Srio,  fivu,  a 
Maximum  to  Zero 


Frequency,  Me 

1 ya 

25  Me 

Change  of  frequency, 

37 

1.48 

Change  of  azimuth,  deg 

1,75 

Change  of  angle  of 
Inclination  of  wave 

front,  deg 

75 

15 

calibration  by  a local  transmitter 
cannot  reveal  systematic  errors  of  the 
radio  direction  finder,  which  are  found 
by  ‘selection  of  oearlngs  by  distant 
radio  stations,  whose  locations  are 
known,  and  as  a result  of  prolonged 
study  of  the  oieratlon  of  the  radio 


direction  flnde 


MT-65-^R 

Prlnelploa  of  Radio  Dlrortlon  Flndlnp!, 
'’Soviet  Radio"  Publlahlnr,  Houbb, 
Moacow,  1964, 

Pa»».ra  x r'71-697 


CHAPTER  11 

ACCURACY  OF  POSITION  FINDING  BY  RADIO  BEARINGS 

f 

List  of  PoslKnatlons  Appearing  In  Cyrillic 

K - circ  ■ circular 

MMH  ■ min  > minimum 

3 > c7.1  > ellipse 

3 n op  B operational 

n ■ RDF  • radio  direction  finder 

« 

Zn  erdor  fjeod  results  ii?  diy^ct^lor^  rirdirij#  to  hpv^ 

radio  direction  finders,  possessing  sufficient  accuracy  and  sensitivity,  which  should 
be  properly  situated  and  correctly  used.  It  is  necessary  also  to  be  able  for  each 
fix  to  estimate  bearings  and  to  find  from  bearings  and  estimations  of  them  the  most 
likely  place  or  region  for  finding  the  fixed  target. 

In  the  present  chapter  we  consider  methods  of  appraisal  of  a single  bearing  and 
accuracy  of  position  finding  from  bearings  of  n radio  direction  finders,  and  also 
methods  of  construction  of  working  zones  of  two  radio  direction  finders. 

At  the  base  of  chapter  lies  application  of  the  statistical  theory  of  eri'ors  to 
radio  direction  finding. 


11,1.  Methods  of  Estimating  a Single  Bearing 
Errors  during  direction  finding,  as  shown  in  § 8.4,  are  divided  in  errors  of 
the  system,  which  con  be  allowed  for  in  the  form  of  corrections,  and  random,  which 
cnn'xnt  be  allowed  for  by  corrections.  Random  errors  characterize  on  individual 
reading  of  bearing. 

In  order  to  determine  the  position  of  a target  and  to  calculate  position  error 
from  benrlngB  of  n radio  direction  finders,  It  is  necessary  to  know  estlmatcr  of 


errors  of  bearln(<s.  On  Lho  bsolo  of  larpe  number  of  obncrvatl  >nn,  conducted  over 
a prolonged  time,  there  con  bo  found  the  mean  quadratic  operational  error  of  a 
radio  direction  finder  However,  estimated  mean  quadratic  error  of  an  Individual 

bearing  may  differ  considerably  from  o^p,  oopeclally  on  short  waves. 

Sometimes  we  use  subjective  estimation  of  the  brarlnr.  by  the  operator,  for 
which  vto  beforehand  establish  l|-5  categories  of  bearings  (for  instance,  by  quality 
of  readings,  by  degree  of  their  stability,  etc).  For  each  category  of  bearing  v/e 
experimentally  establish  the  mean  quadratic  angular  error.  Subjective  estimation 
with  known  accuracy  can  be  applied  only  on  ultrashort,  medium,  and  long  waves,  since 
on  these  wave  ranges  mean  quadratic  error  for  the  outlined  categories  of  bearings 
should  be  preserved.  On  shortwaves,  where  there  arc  too  many  factors  affect  In.";  the 
accuracy  of  direction  finding,  subjective  estimation  may  lead  to  incorrect  results. 

.It  is  better  to  employ  objective  estimation  of  bearings  [11,^^,  11. ^-J,  whicti  is 
based  or  the  physical  picture  of  propagation  and  conditions  of  direction  finding  of 
short  waves.  We  give  in  (11.5)  a method  of  estimating  bearings  on  short  waves. 
Analysis  of  random  errors  of  a short-wave  radio  direction  finder  shows  that  they  can 
be  divided  into  throe  ctatistlcallv  non-connected  groups  with  dispersions  Vj^,  Vp, 

Vy  dCg2. 

It  Errors  varying  very  slowly  in  time  — error  of  instruments  and  from  the  in- 
fluence of  the  position  (near  and  distant  surroundings).  For  the  dispersion  of  these 
errors  it  Is  possible  to  write: 

V,-K,,+V„(/), 

where  — a component  which  does  not  depend  on  frequency,  varies  fi'om  0.1 

deg  to  1 deg  depending  upon  the  antenna  system  of  the  radio  direction  finder  and 
the  site  of  Its  Installation;  Vj^2(f ) — component,  depending  on  frequency.  On  the 
basis  of  operational  specif icationc  one  may  ancvime  that  Vj^g(f)  « Ab,  vnere  A — 
constant  coefficient,  depending  on  the  quality  of  the  installation  site  and  separa- 
tion of  the  antenna  system;  b — coefficient,  dependent  on  frequency;  !' 

!• 

— for  frequencies  2-i»  Me,  b • 1; 

— for  frequencies  A -9  He,  b • 2; 

t 

— for  frequencies  above  9 Me,  b « J. 

2,  Errors  varying  slowly  in  time  — errors  from  lateral  deviation  of  radio  ' 

( 

wftvco  during  reflection  from  the  Icnoophorc,  Thla  error  depends  on  t.hc  dlntanec 

r 

and,  to  on  extent,  on  the  time  of  day;  because  of  the  large  period  of  change  this  . 
orror  usually  .la  not  averaged  during  the  time  of  tal-.lng  a bearing  (^  &,»')•  Valuoc 


of  dlapcrsion  of  lateral  deviation  Vg  deg®  ■ 4>(D)  are  given  In  Pig.  6.18  for  a otnall- 
base  antenna  syatem. 


3,  Errors  varying  rapidly  in  time  ~ errors  from  Interference  of  radio  v/aves 
and  polarisation}  here  there  enters  subjective  error  of  operator  readings.  These 
errors  are  averaged  by  the  operator.  The  operator  usually  takes  several  (0-12) 
averaged  readings,  each  of  which  is  the  result  of  observations  for  5-10  sec.  With 
greater  duration  of  each  separate  averaged  reading  the  operator,  who,  as  a rule,  re- 
calls the  picture  of  the  bearings  only  for  the  last  5-10  sec,  will  waste  part  of  the 
time  of  direction  finding. 

Let  us  assume  that  the  operator  took  n averaged  readings,  obtained  average 
bearding  0,  the  difference  between  maximum  and  minimum  values  of  averaged  reading 
r dog,  and  observed  during  the  time  of  taking  of  a separate  averaged  reading  varia- 
tion of  the  bearing  6 deg. 

Dispersion  Is  calculated  by  the  formula 

Vji+Vjj. 

Proceeding  from  the  normal  law  of  distribution  of  errors  of  bearings 


Component  of  dispersion  considers  subjective  error  of  the  operator.  It 
depends  on  limits  of  variation  of  bearing  6 during  the  time  of  taking  averaged 
readings  on  a cathode-ray  tube  or  on  the  angle  of  silence  during  a sound  method  of 
direction  finding  by  a minimum. 

In  (11.5]  it  Is  proposed  to  determine  on  the  basis  of  magnitude  of  play  of 
the  bearing  during  the  time  of  on  averaged  reading  or  the  angle  of  silence  within 
limits : 

0— V„  = 0 deg®; 

9-13®  V„:=I  deg®; 

14-18®  V„=2  deg®; 

19r-23®  deg®; 

24 — 37®  Vh  — 6 deg®; 
to  above  38®  V,,:=9  dog®; 

Thus,  total  dispersion  of  error  of  bearing  will  be 

v^y.+v.+v,, 

»h,-ro  .+V„(n,  V,=V„  + V„. 

Dlaperolon  V,  or  meari  quadratic  error  o » /V,  together  with  mean  bearing  0 are 


used  for  plotting. 


The  indicated  coefficiontr.  for  calculation  of  co.’npor.enta  of  dispersion  are 
empirical  end  must  bo  deflnJtized  cn  the  basis  of  a chock  dirocticn  finding  or  radio 
stations,  whose  positions  are  known. 

11,2.  Ellipse  of  Error  with  n Radio  Plrectlon  Flnde'^s 

Let  \is  assujne  that  a radio  station,  located  at  point  0 (Fig.  11,1)  Is  fixed  by 
n radio  direction  finders;  (RDF)^,  (RDF)g,...,  and  there  are  obtained  bear- 
ings Og,  ...,  From  angular  errors  of  bearings  as  a result  of  plotting  v/e 

formed  u polygo4i  wf  fj.xlr4g  ^abcuefy. 

We  designates 

dg,  ...,  ■“  angular  errors  of  radio  bearings; 

a^,  Og,  0^  — mean  quadratic  angular  errors  of  bearings. 

In  Pig,  11.2  there  is  depicted  line  of  bearing  of  one  (J-th)  radio  direction 
finder.  Let  us  place  the  origin  of  coordinates  at  point  0,  the  true  position  of  the 
radio  station,  axis  OX  we  direct  along  parallel,  axis  OX  along  the  meridian  of  point 
0,  Let  us  designate  by  Pj  the  length  of  the  perpendicular  from  point  0 to  the  line 
of  bearing  (RDF)  jK;  Pj  = “ distance  between  (RDF)j  and  0. 

Let  us  asr-ume  that  as  a result  of  plotting  lines  of  bearings  on  a map  for  the 
position  of  the  radio  station  we  take  point  S with  coordinates  x,  y,  at  distance 
Qj  frosi  line  of  bearing  (RDF)jK. 


*We  consider  that  bearings  con  be  plotted  in  tlie  form  of  straight  linos.. 
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For  qj  It  Is  ponnlble  to  write; 

y tin  S- 

The  probability  that  the  Olotance  from 
point  to  line  of  tifarlnft  (RDF)jK  lie:;  be- 
tween q^  and  q,  + dqj,  1&  determiner]  by 
formula 


* , 


Y7m,D, 


Flfj,  11.2.  Calculatlnc  probability 
density. 


where  CTjDj  ■ — mean  quadratic  deviation 


of  tlie  line  of  boarlnc  from  the  true  position  of  the  radio  station. 

Analogous  expression  can  be  written  for  otlier  lines  of  bearings.  Total  prob- 
ability that  the  assumed  location  of  the  radio  station  S is  found  from  n lines  of 
bearings,  taken  from  points  (RLF)^^,  (RDF)^,  ...,  (RDf)^^,  at  distance  from  q^  to 
qj  + dq^,  from  qj  to  qg  + dqg,  ...»  from  to  + dq^^,  correspondingly,  will  be 

P<9,>  fn) dq^dq^ ...dq^= 


— j-V  l2i±f ifliciilHiii! 


dQif^^t  ’ • ‘dqt,. 


(11.1) 


t?  !? 

• • • »*n 


From  tlio  principle  of  least  squares  coordinates  (x^,  y^)  of  the  most  probable 
position  of  the  fixed  radio  station  are  found  from  the  condition  of  a maximum  of 
expression  (11,1)  or  a minimum  of  exponent  c.  To  determine  Xq,  one  should  equate 
to  zero  derivatives  with  respect  to  x and  y of  exponent  e in  (11.1).  We  obtain  two 
equations; 


from  which  it  follows  that 


— 0, 


^Bx~Cy=0, 


(11.2) 


xh«»r« 


/««? 


••I  • 

/•  — SI  •!•••• 

S“^' 


( n . ' ) 


r -lr.t  (x  y^)  tJ.r  ."-..tr.l  lIK^ly  place  of  flndln,*  ra'!l  - .-i.ntl  vn  ntvi  ' oll") 

♦r.r  center  of  pro*.  nM Ilty, 

. f 

I-rt  U8  transfer  tj;e  orli’ln  o(  coordlnaler,  lo  y^,)*  TJ.eri,  t.t.'  (,c  ‘ - 

alllVty  .-•f  f In-Un.’ . if-.e  rjid.o  ctfttlon  at  any  point  wit!,  c/onllnntor,  (>.,  y)  will  !.«• 


Fron  the  rl.'r.t  r.Me  of  e^unUty  (ll,-*)  we  ne^  tr.at  '^^nly  <xr>onent  e oepen-lc  mi 

« 

varlnMej;  x and  y.  C nce^^uently,  probability  P varies  only  with  chnnre  .i'  eyi,  r.Mit 
e,  Aar.ualnr,  t>Mit  the  ♦•.fonenl  lo  e.'juftl  to  a ccnr.t  nr.t#  wr  .-.htRlr.  tt-.r  .tqvifit  i tf  n 
contour,  on  vhor.o  b .undarlej  the  probability  of  rinJJnr,  the  radio  r.tntlon  within 
lloltn  of  olenentary  nf'ns  dxdy  hnn  a constant  value,  I.e,,  the  equation  of  t.he  c^n- 

t 'Ur  wf  constant  prolntlllty  denolty.  Let  un  dcr.lr,nnto  exponent  e by  coefflclrnt 

* ^ 

Tnen  expression 


.Vk*  — + Cy*  =»  K] 


(il.C) 


•leTemlnes  the  locvjr,  of  p 'Ints  with  identical  probability  density  P(x,  y)  dxdy  - 
• c.'nct,  Kquatlon  (11.0)  In  the  equation  of  an  ellipse  with  lt!i  center  at  point 
(X/,,  y,,),  i.e.,  contour.^  of  constant  probability  dennlty  nro  clllpcco  with  tb.clr 
■'enter  of  the  center  of  probaMllty, 

T'  deternlne  the  Interrol  probability  of  rindlnff;  the  object  of  direction 

find!?..'  Inslee  t!ie  ellipse  constructed  for  the  jilven  value  of  K^,  one  r.hould  h.to- 
.•rate  trie  exprerrlon  for  differential  probability  (ll.'O  wlttiin  the  area  of  the 
-nipse 


i^est  Available  Copy 


o CTYAd^-fi*  . . 

/»,  Mi  j ^ jj e j dxdy. 


Adoo  eiqeireAV  isaa 


1 00^ 

Vr  replace  axfc  x,  y by  n»en  x',  y*,  turnlnf'  thorn  anp,lo  7,  where  ton  ?>  « 

- 

• 

Then  we  replace  nxea  x*i  y*  by  axes  x'*,  y"; 


where  and  b^^  — remlaxec  of  a unit  elllpce. 


I^F 

Ya + c i 

f 


Let  ua  turn  to  polar  coordinate  axes 


MaXlnr.  these  rcplacctr.entn,  we  obtain  the  followlnf^  cxprenolcn  for  lnter,rnl 
probability  1*^11’- 

; ?♦ 


We  conclder  ■ 2u,  then  pdp  « du: 


- as** 


P. 


-^1-J 


Intef^ral  probability  lo  deteminod  by  fomula 

P.-l-e  •, 


fron  which 


(11.6) 


Thus,  Kq  In  equation  (11.5)  la  calculated  by  formula  (11.6),  dependlnfr;  upon 
the  r,iv(‘.n  Integral  probability  Below  we  give  cocfflcienta  Kq  for  various 

volues  of  (Flp,.  11.3  and  Table  11.1). 

If  Kq  - we  obtain  the  equation  of  the  oo-callod  unit  ellipse  Ax'*  •>  SBxy  + 
+ Cy^  • 1,  ond  « 39. 


We  combine  oxen  of  the  rlcht-nnglc  system  of  coordlnateo  with  principal  exes 


of  thr  olllpr.o  of  proPablllty . 


/e>/^ 

Equation  (ll.',')  of  ttio  ollli)ro  t.aKoR  tho  form 


^ % 
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jf 
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« 
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Tftllr  il.X 


/. 

K, 

K, 

«• 

0 

0 

0,3 

0.642 

io.r 

l,SS3 

0.06 

0.333< 

n.3»4 

1 So.ses 

3 

0.1 

O.tM, 

o.s 

I.I79"0.o«9 

3 

0.13 

O.B 

0,6 

l.3S3i 

0.3 

|0.67l|i0,6)3{ 

I.H  I 

Flj;,  11.3.  Cur*.'e  of  inte- 

f.rnl  prot. ability.  •wh.-r.'  nni  - sf'mlma.ior  and  .^c.riir.in'.r 

a,\c.'.  of  any  I'lllp.-o.  On  thf'  bncls  of  (11.0)  r-,vjirfS£i for  ccrnlaxo!:  of  IXi'-  cl] 
will  bo 


fll.7) 


*"'*  /CA  -'Ci‘  + 

vVpvr  iilioi  (-)  t'ci'tiiina  1.0  twir.iaxij;  8„  (mn.jor),  lov.’or  elm  (+)  portaltiT.  to 
r.c.'nittxi.T  pQ  (inln  ir). 

Wo  cubr.tltuto  in  (11.7)  formula  (ll.C),  mid  after  trwisforn.ations  wo  obtain 


Va-4-c±  VTa  - <?T‘  + 


Y'aC^^ 


(11.6) 


Anr.lo  7 between  ttie  major  axis  of  the  elllpte  ?.ix^  Wid  the  meridian  ir,  eoter- 
mined  from  (11, '3 ) expression 


(11.9) 


or 


A-C-^ViA-Cy  +“4fl« 

»8T= 25 


(11.9') 


for  tv.’o  I'adlo  direction  finders  formula  (11.6)  for  calculation  of  somlaxes  of 
the  ellipse  of  probability  Is  simplified  and  talces  the  form 





(11.10) 


where  •»  (fig  “ ~ oJifile  of  intorsectlori  of  bearinGS. 


K-ir  t(io  oi'  -irlontetlon  of  the  ir.a.1cr  axle  of  thr>  dllpso  from  (11.9) 


ol'tnln 

(11.11) 

^oJtokSt,  + t'j* j coi  2#, 

Knowlnr,  ejid  hj,,  wo  cwi  find  the  area  of  the  elllpoe  of  probability; 


^«<=ad,6,3=>2«lQ(l  — Pt)  ■ 


For  two  iiiterfioctlri;’.  boariiirs  the  area  of  the  (•lllpoo  will  be 

S.-  Ond-P,)^*-. 


(11.12) 


(11.12) 


Uiilhf.  formulae  (ll.'i)  nnd  (11. Si'),  we  can  cditaln  the  follfiwlnc  exprcoolonr. 
for  oomlQXcc  of  the  clllpr.o; 

Kl 


• X + fllJt  • 
A* 


(ii.i'i ) 

l!'  11.1.7)  th^re  '.t  ol'i'er.''.!  .a  ,'rr.p.''.lo.'il  mrthed  of  deter;:, .'.r.otion  paio.'iitjli,-.:hj  jI' 


the  ellipoe  of  iirnboblllty  uolnf'  a special  plottlnr,  board  and  formulas  (11,9)  sui-i 
(ll.lJt)  at  dlctaiioec,  w.m'ro  bearings  can  bo  plotted  In  the  form  of  straip^ht  lines 
(see  Table  l?.l). 

The  method  Ir,  no  follows. 

Lot  us  assum!-  that  os  a result  of  plotting  bearings  wc  have  found  tlic  center 

of  probability  0 (Fip,.  11. 'ta).  Let  us  pass  to  0 from  the  point  of  location  of  the 

radio  direction  finder  (!tDF).  line  of  bearing  (HDF).O  at  angle  0.  to  meridian  OK. 

J J J 

Wo  pass  a sec!ond  line  (IdJF)jK  at  angle  Oj  to  line  (HPF)^O.  We  place  at  0 a trans" 
parent  plotting  board  with  rectangular  axes,  where  axia  OY  Is  matchud  with  the  meridian 
at  0.  We  siirk  the  points  aj  and  b^  of  the  intersection  of  line  (RDF)jK  with  axes  OY 
of  the  plotting  >:vird. 

From  Fig,  11, ^la  it  follows  tlist 


OL.  Oa, aiid  = 

, , ; CO*  • 


Axes  OY  end  OX  on  the  plotting  b^ ard  have  scale  with  calibrations  — and 
1 (OY)" 

■?,  correspordingly,  wliere  in  the  denominators  are  lengtlis  In  the  scale  of  siap 


(OX) 
being  used 


Therefore,  readings  on  axes  of  the  plotting  board  will  be 


11,17' 


•"'i 


fiie^  tjx 


Ke  udJ  reo(llii(u;c  on  axes  of  the  |iiott3ii(', 
board  for  all  radio  direction  finder:;.  Tl'.en 


5 Oa^  = C.  y Obj  .=  A and  1/  V OUjOb,  ==  /?. 
/-•  /-I  ^ l-i 


where  A,  B,  and  C correspond  to  formulas  (11. J), 
.Blgn  for  B Is  shown  on  the  plotting  board. 

Finding  A,  B,  and  C,  It  Is  posniblo  to  cal- 
culate Hq,  bQ  and  > from  fonnulas  (ll..li()  and 
(11.9). 

The  plotting  board  is  shown  in  Fig, 

It  is  possible  to  characterize  linear  error 
by  the  mean  quadratic  value.  In  this  case  it  is 
called  by  circular  error  of  plottin/’:  flO.  Bv 


definition 


(11.19) 


Fig,  11.^.  principle  of  use  of  » 

a plotting  board  for  detomina- 

tlon  parameters  of  the  ellipse  where  p — radius,  from  center  of  ellipse  of 
of  probability;  a)  diagram  of  errors; 


of  probability;  a)  diagram  of 
plotting  on  iTiap;  b)  form  of 
plotting  board. 


Let  us  rewrite  (11.15)  in  the  form 


9 ~ angle  of  mdlus  with  initial  line  of 
reading,  o.g,,  with  the  major  axis  of 
the  ellipse. 


(11.15') 


where  and  6^  — conjugate  radii  of  the  ellipse  of  errors. 
Let  us  replace  in  (11.15')  [1.17] 

and  substitute  for  &q,  expressions  (11.6).  Then 


(11.16) 


/e/3 


if 


I,  circular  error  16 


(13. 17; 


Integral  prohnblilt.y  of  moaii  quadratic  linear  error  Tor  «=  col  nc  Ifie:; 

wltli  integral  probability  of  elliptic  t-rror,  and  accord Ing  to  Fig. 

P„, , c 63.Lr«. 
ell  ^ 

For  other  ration  Integral  probability  of  circular  error  Hq  Incroaces  nome- 

b.  ° 

what,  and  as  ^ 0 it  Is  equal  to  68j6.  ^ 

Below  thor<^  are  given  values  of  Integral  probability  of  circular  error  H . . 

R bo  be 

{In  for  various  •—  for  extreme  values  ~ s 1 and  ~ c 0. 


Table  11.2.  Integral  Probability  lb  % De 

R ^'0 

pending  upon  and  — 

^0  *^0 


0.3 

0.8 

1 

i.s 

2 

2,5 

3 

0 

1 

39 

58 

C8 

86 

95 

99 

lUO 

^9 

20 

48 

63 

99 

99 

100 

For  two  radio  direction  finders  from  general  expression  (11.17)  for  we  have 

/?,=O.OI745lL2M±3i-,  (li-1"') 

»«n  «„ 

v/herc  and  ^2  *^>^5  expressed  in  degrees. 

Lot  us  return  to  exprccslons  (11.2)  for  coordinates  of  the  center  of  prob- 
ability; we  shall  fliid  a methoi  of  calculating  them.  First  we  determl>^e  the  point 
of  Intersection  cf  bearings  from  any  two  radio  direction  finders,  for  instance, 
(RDl)j  and  (RllF)j,.  Equations  of  lines  of  bearings  wc  obtain  from  Fig.  11.2: 


Let  U3  Introduce  for  charactorlntlc  of  the  wolr.ht  of  tne  point  of  Inter- 

eectlon  of  toe  J-th  and  k-tli  bc-arlnfic  as  an  eotlmate  of  the  wel/rht  of  nae;nl.tude 

Inverse  of  the  equare  of  the  area  of  the  unit  elllpno  of  probability,  ob- 
JK 

talned  If  the  radio  station  Is  fixed  by  two  radio  direction  flndern,  tiie  ,J-th  and 
k-th: 


whei’e  — area  of  unit  ellipse  of  probability. 


S*A=* 


-Mi-. 


Qj.j  — ein'',le  of  Interroctlon  of  J-th  and  k-th  bearlncc,  equal  to  - Ojj 

.»la*(l>  — 8,) 


(11. ^l) 


We  obtain  from  foi'mulas  (11,20)  and  (11.21)  products  a^d 

•*^*<5*/* = (Ph  sin  9j  — p,  sin  60  si  n (8»  — 6,), 
-gj^(ACOs6;  — ;>;cos'j0sin(8»—  8,). 


It  is  possible  to  show  that 


5ri»»i  • /«•  ' 


A »ln  8,  — flcoi  8, 


/>) 

n ■ a 


r-.i  ' 


ya|  tmi 


/oil  *cl 


(11.22) 


whore  A,  B,  and  C are  determined  earlier  and  are  expressed  by  formulas  (11. J),  Con- 
paiing  expression  (11,2)  and  (11,22),  we  arrive  at  the  conclusion  that  coordinates 
of  the  center  of  probability  x^,  y^  can  be  calculated  by  formulas 

V 2 '''**^* 




|ol  iric  I 

• -m 


mit’mt 


XS“» 

I 


tol6 


Formulas  (11, ?3)  oro  analop.oua  to  formulas  for  calculatlnr,  tha  center  of 
gravity  of  masses  m,.  , located  at  the  Intersection  points  of  lines  of  bearlng.s, 
Thus,  coordinates  of  the  center  of  probability  Xq,  y^^  can  be  defined  as 
coordinate  of  the  centf'r  of  gravity  of  the  figure  of  fiving  abedef  ...  (Fig.  11.1), 
at  vertices  of  which  are  placed  masses  (11.21),  characterizing  these  vortice.c. 
For  two  bearings  the  center  of  probability  coincides  with  the  point  of  Inter- 
section of  bearings. 

For  three  radio  direction  finders  masses  of  vertices  of  the  fixing  triangle 
will  bej 


_ _ . 

E,Ej 


•ln*»„  _ . 


EJEJ  ' 


or,  multiplying  numerators  and  denominators  by  Identleal  factors,  it  is  possible 
to  v;rite  them  otherwise: 

_ C*(ta'«it  E|fln*ai, 

'EiEjEj  * 

Cancelling  Identical  denominators  in  expressions  (11.24),  we  obtain  for  masses 


(11.25) 


4-  *5^*2=^ 


Fig,  11,5.  Construction  of  centers  of  prob- 
ability witli  three  radio  direction  finders. 


Graphic  determination  of  the 
center  of  probability  for  three 
bearings  consists  in  finding  the 
point  of  Intersection  of  straight 
lines,  drawn  from  vertices  of  the 
fixing  triangle  so  that  opposite 
sides  arc  divided  by  these  linos 
Into  oegmento.  Inversely  proportlonf.l 
to  masrci.  of  the  vertices,  adjacent 
to  sides. 

In  practice  we  usually  mark 
the  center  of  probability  Intvil- 
tlvcly,  proceeding  from  the  position 
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that  the  sharper  the  angio  of  intersoctioa  of  beurlnRc  at  a vortex  and  the  cmallor 
the  product  Lj  for  the  bearing  oppoclte  the  vertex,  the  more  one  should  be  removed 


from  this  vertex. 
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Fig.  11.6.  Construction  cf  ellipses  of  probability  for  the  case  of  a 

mean  quadratic  error  of  2°  and  *•  ^0%:  a)  two  radio  direction 

finders j b)  three  radio  direction  finders  at  vertices  of  rlRht-anglo 
triangle;  c)  three  radio  direction  finder  at  vertices  of  an  equilateral 
triangle. 


If  the  center  of  orobabillty  is  found  and  a^,  and  7,  arc  calculated  it  is 

possible  to  construct  the  ellipse  of  probability  graphically. 

In  Fig,  11,3  typical  examples  of  construction  of  centers  of  probability  are 
ahown  for  the  case  of  three  radio  direction  I'lndors,  located  nt  points  K,  L,  M where 
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In  Fig,  11.6  are  gwen  cons  time  tea  ellipses  of  probability  for  several  cases 
of  dlutilbutlon  cf  radio  direction  finders  [11,6), 

Calculations  of  the  center  of  probability,  dlmenoions  of  the  ellipse  of 


-I 

■M 


/d/? 

probatlllty,  ar<d  orientation  of  the  major  axlo  o;?  the  ellipse  are  given  for  the 
case  of  flat  ground,  l.e.,  at  dlatancea  from  the  radio  direction  flndere  up  to 
^j00-800  kr...  With  greater  dlatancea  It  la  neceaaary  to  allow  for  curvature  of  th'. 
earth.  Equatlono  of  llnea  of  hearings  must  be  modified  accordingly. 

If  the  llnt-8  of  bearings  are  plotted  on  a m.ap  taking  Into  account  curvature 
of  the  earth  and  we  obtained  a fixing  figure,  then  the  center  of  probability  end 
parametera  of  the  elllpee  (or  circle)  of  probability  can  be  calculated  by  the 
presented  theory  or  by  the  described  graphical  method. 


11.3.  Region,  Serviced  by  Two  Radio  Direction  Flndere 
Let  us  determine  boundaries  of  a region,  within  which  linear  error  of  direction 
finding  with  required  probability  will  not  exceed  a given  value.  The  area  Inside 
the  boundaries  of  this  region  Is  called  the  working  zone  of  two  radio  direction 
finders . 


For  a given  probability  the  maximum  distance  at  which  an  object  of  direction 
/'«ip  be  locetcd  from  its  moot  probnbli  is  tiie  major  semiaxis  oi  the 

ellipse  of  probability. 

Thus,  detci’mlnation  of  the  region  of  direction  finding  for  a given  maxlmun* 
linear  error  Is  reduced  to  finding  the  region  where  the  major  semlaxis  of  the 
ellipse  does  not  exceed  the  given  linear  error. 

For  calculation  of  semlaxes  of  the  ellipse  of  probtolllty  arid  the  arigle  of 
orientation  of  the  major  axis  In  the  case  of  two  radio  direction  finders  we  use 


formulas  (11,10)  arid  (11.11).  Fox'  simplification  of  calculations  It  is  conveniently 
to  introduce  theca  parameters  (Fig.  11.7);  <p  — angle  between  median  ON  of  line 
(RDF)j^,  (RDF)g,  connecting  the  direction  finders,  and  the  line  (KDF)^^ (RDF)„;  o;.'  — 
length  of  the  median. 

Let  uo  designate  (RDF)j^(RDF)2  • 2D,  ON  - n.  (rm’F)j^(RDF)2  called  the  gonl- 
meter  base  of  the  two  radio  direction  finders. 

Area  of  triangle  (RDF)^0(RnF)2  is  determined  by  expression 


whence 


2mDilnt 

— = 


(11.26) 


From  triangles  (I'DFj^CN  and  (RDF)20N  It  follows  that 

5«Dcosy.  / 


(11.27) 
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Kr.-ia  ryprrsn l-jn?.  (ll.i'ij)  It  I'oilorfb  ttiot  wlicn  it  ••  9'.’^  tfio  formula  for  thr  cr’mli-.e.l' r 
ftxlr  of  ti.<*  clllj-ar  tfiKi'n  •..(ir  fom 


Xr>- 


fl,«-2/~  ln(l  X 


w'lr-n  fj- 


whrn  D > 1.1/  fCiJ 


«,iss^^ln(i  — Pf)  0 . 


(11.?^) 


when  M > D.  In  all  these  formulas  a,  r.^, 
and  Op  are  exj.rcsGed  In  radians. 

Wlien  <p  n:  90  and  m a D,  i.o,,  the 
point  of  Intersection  of  bearlnf;r.  Is  at 
the  dlr.taii.ee  of  a serr.lbase  (lenctn  of  the 


of"probabillty°^*^'"'^^°”  base  is  equal  to  2D)  from  both  radio  de- 


rection  finders,  then  from  (11,29)  It 
follows  tl'.at 


a,  ~ 6.  = 2 1/-  In  (I  - P,)  sO 


and  the  ollljuui  of  probability  tum.s  into  a circle  witn  radlu.s  2F^-ln(l  -P.)  *D. 
This  case  corresiionUr  to  miniiniua  linear  error 

fl» ««  =® 2 j/—}a(i-^  Pi)<iD  = 0,035  / — lo'l— />.)  s“D. 


When  m n 2D,  l.o.,  for  a point  bolr.j’  an  Identical  dlotance  from  both  radio  di- 
rection flndern,  equal  t,o  the  length  of  the  base, 

o,  «=  5 jD  = 2.5o, 


Let  un  conr.ldcr  mothodc  of  constructlnr;  the  working  zone  of  two  radio  direc- 
tion flndcrr. 

Let  U5  UeGlfyiate  the  maximum  permlBslblc  linear  error  with  probability 
Clvon  by  conditions  of  operation  by  /IL. 

The  condition  for  finding  the  working  zone  of  the  direction  finders  will  he 
Sq  s AL  for  the  given  values  of  e,  and  D. 

Wo  Introduce  in  formula  (11.28)  such  a parameter  Q that 


2^—iw  (I  — De>Q  = AL. 


(11.51) 


In  tnic  formula 


/ ( .*4.,  I*  _W 

--  / u / I 'K  u } ”•  f 


when  •= 


y r»  + t/— ^ (P  + l/)*- 


(11.55) 


v/hen  0^  *>  c,  *=  oo. 

For  given  aL  and  P^^l'  also  o,  e,  and  D,  for  the  considered  radio 
direction  finders  it  is  possible  to  calculate  by  (11. Jl)  Q,  which  depends  on  cp,  e, 
and  Knowing  Q and  e,  it  is  possible,  using  (11.52)  or  (11.55),  to  calculate  tJ.r 
dependence  of  ^ on  p and  to  obtain  initial  data  for  construction  of  working  zones 
of  the  tv;o  radio  direction  finders. 

For  construction  of  bounflaiies  of  the  working  zone  of  direction  finders  one 
should; 

— to  line  (rJ)K)^(RDF)2,  connecting  the  radio  direction  finders,  pass  mcdloris 
at  various  angles  c; 


— on  medians  CA  plot  segments  in 


Obt&inod  final  of  mcHilanc  determine  boundarloi:  the  workln^^,  ?,one  of 


y J 

Si 

h 


L, 


direction  flndlnp,. 


If  C B 1,  1.0.,  accuracies  of  both  radio  direction  finders  are  Identical,  thien 
boxmdarles  of  the  rono  arc  syrmctrlc  with  respect  to  the  perpendicular  to  center 
11  nc  (RDF)^(RDF)r,;  therefore,  for  ancles  cp  and  - (p  wc  f;btain  one  arid  the  valec 

of  Jp.  If  e / 1,  l.e,,  accuracies  of  radio  direction  finders  differ,  the  curve  of 
the  working;  zone  Is  asymmetric.  For  every  value  of  ip  there  arc  two  values!  ^ and 
m,  bounding  on  two  nldoa  the  working  zone  of  direction  finding. 


To  facilitate  calculations  we  give  Tables  11.?  and  ll.-')  of  values  of  q for 
various  and  qi  when  e b 1 and  6=2,  calculated  by  V.  V.  Shlrkov  [11.2], 

During  construction  of  the  zone  f-r 

Table  11.?,  Value  of  Parameter  Q for 


Case  of  Equally-Exact  Work  of  Direc- 
tion Finders  (e  = 1) 
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3,00 

1,43 

1.26 
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0.6 

3,82 
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I.S2 

1,38 

1,29 

1.26 
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4,83 
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1,93 
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2,64 
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2.39 

1.4 

10,10 
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13,34 

7,15 
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It  is  possible  to  construct  boundaries 


unequally  exact  radio  direction  I’lndcrz 
one  should  consider  that  (RDF)^^  is  the 
more  exact  radio  direction  finder  and 
that  angles  tf  should  be  plotted  from 
C(RDF)^. 

Witli  fctjually  i.  I'adiu  dirccLicn 
finders  the  maximum  range  of  direction 
finding,  or  least  error  for  any  Oicta;iee 
from  the  middle  of  the  line  of  the  goni  ■- 
meter  base,  is  obtained  along  the  per- 
pendicular to  the  middle  of  the  lino  of 
the  goniometer  base, 

of  tlic  region  of  tl.e  v/orking  zone,  pro- 


ceeding from  obtaining  on  the  boundary  of  region  of  the  given  mean  quadratic  linear 
error. 

Table  11.4.  Value  of  Parameter  Q for  Case  6=2 


t* 


'13 

IS 

LEj 

4$ 

<0 

w 

ms 

i» 

135 

IX) 

165 

0,05 

23,80 

11.80 

8,30 

6.70 

5.89 

5.60 

5.70 

6.28 

7,  GO 

10, G 

20.5 

O.r 

11.76 

6,13 

4.3.3 

3.52 

.3,11 

2.93 

2,91 

3,12 

3,66 

4. 98 

9,32 

0,3 

6,18 

3.25 

2,43 

2,03 

1.0! 

1.67 

1.59 

1,60 

1.74 

2,16 

.1  89 

0,3 

3,73 

2,32 

1.89 

1.67 

1 .51 

1,37 

1,24 

I.IG 

1.  '6 

1,32 

2,04 

0.4 

2,33 

1,93 

1.75 

1.62 

1,48 

1.30 

1.17 

1,00 

0.04 

0.99 

1.21 

0,6 

1.95 

1.93 

1.85 

1.73 

1.59 

1.41 

1.22 

1 .'-0 

0.92 

0,97 

0.97 

0.6 

2,67 

2.26 

2.09 

1.95 

1,78 

1,64 

1.39 

1.19 

1,10 

I.IG 

1.36 

0.7 

3.97 

2.79 

2,47 

2.26 

2.06 

1.85 

1,64 

1.47 

1.40 

1,52 

2.09 

0,8 

6.63 

3,54 

2.96 

2.64 

2,38 

2.16 

1.95 

1,80 

1.79 

2.00 

3.05 

1.0 

9.15 

8,34 

4,16 

3.58 

3,10 

2,93 

2.73 

2.64 

2.75 

3.29 

5,53 

1.3 

13,45 

7.52 

6.65 

4.75 

4.26 

3,91 

3,72 

3,54 

3.99 

S.OO 

8.72 

1.4 

I8.T3 

10.17 
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6.07 

5.46 

5.00 

4,80 
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For  mean  quadratic  linear  error  of  two  radio  dlrobtlon  finders  we  obtained 


n h.  and  n-  in  radlancl  ■ 

'"S  deerren). 


If  we  express  Rq  depending  upon  m and  (ji  (see  Fig,  11,7),  for  Oj^  ■ Og  ■ o 
the  formula  for  R^  will  take  form  (11.3) 

a _y^*D  . / \ 7 m D \?  ....  J f / m S*  . . T 


In  order  to  construct  the  boundaiir  of  the  zone  of  direction  finding,  for  which 
mean  quadratic  linear  error  Rq  will  not  exceed  a given  value  aL,  l.e.,  Rq  < AL, 
we  use  the  series  of  curves  of  Fig.  11.8,  on  which  there  are  depicted  dependoncer 
Rq  m 

■5^  “ ^^"55)  various  values  of  <p.  Minimum  error  Is  obtained  at  point 

V = 90°,  m ■ 0.70,  where  a^g  « 109°,  “ O.C32;jD,  a in  degrees. 

Frequently  for  the  line  of  the  working  zone  of  direction  finding  we  take  two 
eiroTes  with  radius  2D,  passing  through  direction  finder;,  and  (RDFjg.  At 

all  points  of  those  circles  bearings  cross  at  angles  30°  (external  circle)  end  150° 
(Internal  circle). 

Calculation  shows  that  linear  error  for  boundaries  of  the  first  circumference 
In  its  central  part  Is  approximately  equal  to  linear  error  for  boundaries 

of  the  second  circle  is  equal  to  28^ 


I^SKISB 


In  Table  11. 5 there  are  calculated  linear  errors 
for  the  central  part  of  circles  of  various  angles  of 


Intersection  of  bearings. 

In  Fig,  11.9  there  are  constructed  for  twey 


rndloy 


■■■■HPaip^sr^l 
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U U JU 


Fig.  11.8,  Dependences  of 

Rq 

on  ^ for  various  values 
of  cp* 


reotlon  finders  contours  of  zones  of  direction  finding 
on  the  boundary  of  which  there  is  observed  constant 
maximum  error  (a^  ~ scmlmajor  axis  of  the  ellipse  of 
probability)  or  constant  mean  quadratic  llnoax-  error 
(Rq  — circular  error).  On  the  same  figure  there  are 
drawn  nclghborlioods  of  constoiit  angles  of  inter~ 
section  of  bearings  « const). 


In  the  described  calculations  it  was  ansumed  that  mean  quadratic  errors  of  the 
radio  direction  finder  kept  constant  within  limits  of  the  whole  zone  of  direction 


Table  11.5.  Linear  Error# 


0 min 


of  Intersection  of  Beftrlngs 


Aru^lc  or  tnt«p» 
friction  or  ttfr^ 
In^i,  dCfjretl 


finding.  In  fact  these  errora  vary  with  dlstancej  and  when  we  allow  for  this  con- 


struction Is  considerably  complicated. 


If  direction  finding  la  carried 


out  on  medium  and  long  waves,  the 
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mean  quadratic  errors  ere  kept  approxl* 


mately  constant  for  the  whole  working 


rone.  There  are  limiting  distances, 


beyond  which  direction  finding  becomes 


unreliable.  Therefore,  after  con- 


struction of  the  working  zone  by  mean 


! I 

n 


Vttluea  oi  mean  quadratic  error  one 


should  sketch  aroxind  each  radio  direc- 


tion finder  maximum  regions  of  direc- 


tion finding,  beyond  which  direction 


Llnff  or  Sdontlenl  m«tn  qufdrttlQ 
itnofcf  ffPorf  ) 


finding  becomes  unsatii. factory,  and 


Lines  or  Idon^.lciJ  OfiiUos  of 
imorfsciion  of  bri«rin«s  (ajj) 


thus  cut  off  areas  which  are  beyond 


the  boundaries  of  these  regions. 


Fig.  11.9.  Fones  of  radio  direction  finding 
for  two  radio  direction  finders. 


With  direction  finding  of  short 


waves  Is  possible  to  speak  of  varying 


angular  mean  quadratic  error  at  various  distances  from  the  radio  direction  finder. 


Most  simple  will  be  the  following  characteristic  of  direction  finding: 


— at  a certain  radius  r direction  finding  Is  Impossible  (zone  of  silence)} 


— at  distances  from  r to  radio  direction  finders  work  with  reduced  accuracy 


characterized  by  o*  (zone  of  steeply  Incident  wavea); 

— at  dlstonceo  fror.i  to  Rg  radio  direction  finders  work  with  normal  accuracy, 
characterized  by  o''. 


With  such  aaaumptionii  for  determination  of  the  region  covered  by  two  radio  dl- 


rectlon  finders  it  le  necocoai'y  to  conotnict  zones  of  direction  finding  for  the 
following  conditions: 


1)  both  radio  direction  finder  work  with  Identical  accuracy  a'i 

2)  both  radio  direction  finder  work  with  Identical  accuracy  a'*| 

5)  flrat  direction  finder  haa  accuracy,  characterlacd  by  s'l  and  the  second, 
eharacterlred  by  o''; 

4)  flrat  radio  direction  finder  has  accuracy  a";  and  the  second,  accuracy  o'. 

Furthermore,  it  la  necessary  to  construct  clrclea  with  radius  r and  Rg, 
separating  tones,  within  which  direction  finding  Is  Impossible, 

As  a result  of  such  construction  we  obtain  a region  of  complex  outline,  some- 
tlmies  embracing  several  sections,  not  interconnected.  Individual  curves  of  arcs, 
bounding  the  region.  Intersect  at  acute  or  obtuse  angles,  l.e.,  there  la  not  a smooth 
transition  of  one  curve  Into  the  other.  This  Is  caused  by  the  fact  that  there  is 
allowed  Intermittent  change  of  condltlona  of  direction  finding.  In  reality  condl- 
tlcm  of  direction  finding  vary  smoothly;  this  permits  us  after  construction  to 
somiewhat  round  sharp  transitions  of  one  curve,  bounding  the  working  zone  of  direction 
finding,  into  another. 

When  situating  a group  of  radio  direction  finders  for  servicing  a certain  region 
it  Is  neceesarv  to  taxe  into  account  requirements  oz  obtaining  pemisribxe  linear 
error  and  normal  passage  of  radio  waves  from  the  reglonn  to  radio  direction  finders. 
For  more  on  situating  of  a group  of  radio  direction  finders  see  [ll.l]. 
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Page  598. 

Chapter  12. 


LAYING  OF  RADIO  BEARINGS  ON  HAP/MMMI*. 


12-1.  Oriantation  of  radio  direction  finder. 

Grou.id  radio  direction  finding  stations  are  estiOlisa/installed 
and  orient  so  that  the  reading  would  be  obtained  egual  to  zero,  when 
the  oriented  station  is  located  in  the  direction  of  true  lorth.  In 
any  other  direction  the  bearing  will  give  the  angle  of  this 
direction,  counting  from  true  direction  north  - south  clockwise, 
i.e. , the  true  bearing,  before  the  separator  of  its  beaciog  it  is 
necessary  to  correct  to  the  value  of.  radio  deviation  wnica  is  taken 


from  tables 
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DUL'ing  the  Ljstallation  of  stationary  radio  dirartion  finders, 
they  use  precise  jeo.letic  instruments.  Mobile  yround-based  radio 
direction  finders  it  is  required  to  orient  after  each  installation. 
In  appendix  IV,  ace  given  the  easiest  methods  of  detaoLalng  the 
direction  of  true  north. 


In  mobila  station  (ship,  aircraft)  the  scale  of  iicsction  finder 
is  oriented  so  that  the  null  reading  is  obtained  in  X iicsction  and 
readings  are  conducted  clockwise  (head ing/course  angla) . For  a 
separator  on  map/chart,  it  is  necessary  bearing  to  convert  for  true, 
i.e.,  counted  off  from  the  direction  of  the  true  meridian.  As  can  be 


seen  from  Fig.  12.1,  true  geographical  radio  station  bearings  (TP), 
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bearing  dspenis  an  the  accuracy  of  compass  and  accuracy  of  the 
determination  of  declination  and  deviation.  Furthermoca,  so  with 
running  speed  is  always  possible  its  divergence  from  course  of  1-2° 
(but  sometimes  and  is  more),  it  is  necessary  to  simultaneously  count 
off  the  compass  hsading  and  radio  bearing. 


12.2,  Short  infocaation  about  map/charts. 


For  the  iiaja  of  the  Eartn  in  pla,  e,  are  applied  divsrse 
cartographical  projections.  As  a result  of  the  globulacity  of  the 
Earth,  its  image  on  plane  is  always  accompanied  by  the  distortions  of 
one  or  the  other  geometric  elements.  Are  utilized  at  peasant  the 
diverse  forms  of  cartographical  projections.  Is  given  oalow  the  short 
information  about  tha  most  widely  used  forms  of  map/charts. 

Tha  projection  of  Mercator  is  related  to  the  discharge  of 
cylindrical  projections  and  possesses  th?  following  properties:  is 
isogonal  (conformal),  i.e.,  transmits  witlout  distortion  angles  and 
the  form  of  small  figures  on  the  earth's  surface;  orthogoial,  i.e., 
the  grid  of  meridians  and  parallels  mutually  perpendicular; 
loxodroffiic,  i.a.,  the  line,  which  intersects  at  sphere  meridians  at 
constant  angle  (loxodroinic  curve)  is  depicted  straight  line. 


DOC 


77223226 


: ? 


r i 


PAOB 


Last/]att3t  prsf^eL'ty  is  especially  valuable  for  navigation, 
since  provides  the  po3sil)ility  of  the  laying  of  the  canpasss  headiny 
in  the  form  of  straight  lines.  The  wap/charts  of  Mercator  are 
fundamental  navigation  charts. 


Fig.  12.1.  Translation  of  bearings. 

Key:  (1).  The  true  bearing.  (2),  Iho  true  course.  (3).  rha  compass 
heading. 
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Page  600. 

GnoMDriic  pea  j action  - promising,  is  the  projection  of  sphere 
from  its  center  ai  tangential  plane.  Its  most  important  property, 
which  are  inherent  only  in  this  tore,  of  projection,  is  octhodroaism. 
All  arcs  of  the  great  circle  on  sphere  (arc  of  great  circle)  are 
depicted  on  gnomonic  .tap/chart  in  the  form  of  straight  lines.  This 
property  is  very  important  with  the  separator  of  radio  bearings, 
since  electroaagnatic  waves  are  prop  igated  on  the  shortest  distance 
between  two  points,  i.e.,  on  arc  of  great  circle 

FOOTNOTE  Diver jencea  from  the  shortest  path  during  caliowave 
propagation  are  examined  in  chapter  6 and  are  related  to  the  errors 
of  direction  finding.  EKDFOOTNOTE. 


However,  angles  in  gnomonic  projection  are  transmitted  with 
distortion  s. 

The  value  oC  angular  distortions  depends  on  distance  of  point  of 
contact  of  tangency  (center  of  the  projection  of  map/chact)  and  is 
detormiiifeJ  by  the  tocmula 


l(,ni'  = cos  C {gii, 


(12,1) 
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where  a is  true  azimuth;  a’  - its  image  on  map/chart;  C i5  the  7enith 
distance  ef  the  peint  in  question  from  point  of  contact  ef  tangency- 

Hith  small  zenith  distances  (C  < 20°),  it  is  possible  to  use  the 
approximation  fontila 


A =-  sin  2.  = - 0.353  »in  2*- 


- - (12.2) 

At  the  given  point  the  error  depends  only  on  aziaatn  a.  It  is 
possible  to  construct  at  the  given  point  azimuth  dial/limn  taking  the 
correction  into  account.  For  zenith  distances  less  than  13°  (C  < 1000 
km),  error  does  not  exceed  0.5°, 

International  map/chart  of  scale  1;1,000p00  is  constracted  in 
polyconic  projsction.  On  each  sheet  is  reproduced  the  surface  between 
two  meridians,  which  differ  in  longitude  by  6°,  and  two  parallels, 
which  differ  in  Latitude  by  4°.  This  map/chart  within  tha  limits  of 
one  shSBt  can  be  considered  as  approximately  conformal  and 
groat-circle:  the  diet  'ctior.  of  angles  does  not  exceed  7'  on  middle 
latitude. 

Page  601. 

Due  to  ths  properties  of  polyconic  projection  during  ths  compound  of 


m 
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four  sUG0ts  betwean  them  ate  obtained  disruptions. 

The  topograpiic  maps  of  scale  from  1:2^000  to  1;  500^000  are 
comprised  in  conformal  projection  of  Gauss,  The  distortiois  of  angles 
and  divergence  of  arcs  of  great  circle  from  straight  lines  within  the 
limits  of  map/chact  are  imperceptible. 

Besides  the  enumerated  and  entered  the  universal  use  map/charts 
for  the  laying  of  radio  bearings,  can  he  created  the  special 
map/charts,  whicti  provide  the  image  of  the  arcs  of  great  circle, 
which  proceed  from  the  points  of  the  standing  of  radio  direction 
finder,  in  the  form  of  straight  lines,  in  this  case  are  catained  trua 
angles.  This  property  can  be  provided  not  more  than  at  two  points  of 
map/chart.  A dsf ic iency/lack  in  such  raap/charts  is  the  absence  of  the 
universality:  for  each  pair  of  points,  is  required  special  map/chart. 
Frequently  is  utilized  not  two,  but  larger  number  of  direction 
finders  in  group. 

12,3,  Laying  of  Cidio  boarinqs  on  map/chart. 

Arc  of  great  circle  is  depicted  on  the  map/charts  of  Mercator  as 
curved  line.  Lat  in  Fig-  12.2  point  O designate  the  position  of  a 


■2 


I 
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ship  on  tne  map/::tiart  of  Meicator,  point  S - the  position  of  the 
oriented  tiransnittiny  radio  station,  line  CO  - the  true  meridian, 
passing  through  point  o,  and  CS  - the  true  meridian,  passing  through 
point  s.  The  straight  line  ows  at  an  angle  a*  is  loxodcoaic  curve, 
arc  of  great  circle  (ate  of  the  great  circle)  will  be  lapicted  as 
certain  curve  073.  Radio  station  is  oriented  by  radio  direction 
finder  on  vessel  3 at  an  angle  a.  If  we  lay  on  map/chart  from  point  o 
straight  line  at  an  angle  a to  meridian  (tangent  to  arc  ot  great 
circle  OVS),  then  this  straight  line  passes  not  through  point  S,  but 
at  certain  distance  from  it. 

With  the  small  ranges  of  laying  the  curvature  of  arc  of  great 
circle  and  difference  between  angles  o'  and  o are  so  small  that  it  is 
possible  directly  on  map/chart  to  run  the  radio  bearing,  calculated 
as  is  shown  above. 
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Tables  12,  1.  Haxinuin  distances  for  laying  without  great-oircle 
correction. 
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1 
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1 
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20 
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28 

42 

56 

70 

84 

98 

1 1 12 

140 
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293 
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565 

1140 

30 

ISO 

210 

330 

20 

29 

39 

49 

59 

69 

79 

98 

118 

147 

101 

260 

395 

800 

40 

140 

220 

320 

15 

23 

30 

38 

46 

53 

61 

76 

92 

114 

148 

200 

307 

620 

so 

130 

230 

310 

13 

19 

26 

32 

38 

45 

51 

64 

1 

70 

96 

124 

170 

258 

520 

60 

120 

240 

300 

12 

17 

23 

29 

35 

41 

47 

58 

70 

87 

113 

154 

235 

470 

70 

110 

250 

290 

II 

16 

21 

26 

31 

36 

42 

52 

1 

; 62 

78 

102  j 

137 

210 

420 

80 

100 

260 

280 

10 

, 15 

19 

24 

29 

34 

38 

48 

58 

72 

04 

127  1 

195  1 

390 

90 

270 

9 

14 

18 

23 

28 

32 

37 

46 

56 

1 

69 

00 

122  j 

187  j 

375 

Key:  (1),  Direction  on  radio  station,  deg.  (2).  Middle  latitude, 
deg.  (3).  Maximum  distances,  miles. 
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Page  603. 

Tabla  12.1  gives  the  raaximura  distances  at  which  is  possible  the 
laying  of  radio  bsarings  on  the  map/chart  of  Mercator  in  the  form  of 
straight  lines  without  corrections.  The  difference  of  angles  a * - a 
at  these  distances  does  not  exceed  0.3^. 

With  distancas,  exceeding  indicated  by  table,  it  is  aecessary  to 
consider  an  angular  difference  r.  = a*  - a.  This  differenca, 
approximately  aqual  to  one-half  angle  of  the  convergence  of  meridians 
6,  he  is  called  great-circle  correction.  It  is  designed  from  the 
formula 

«=4— y tgYsin<f>„„  (12.3) 

where  y is  diffecance  in  longitude  of  direction  finder  and  oriented 
station; 

= their  middle  latitude. 

Table  12-2  siows  the  signs  of  correction  for  diffacaat  middle 


latitudes  and  the  locution  of  transmitting  station  relative  to 
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direction  finder.  The  sign  of  correction  is  given  in  tialj  such,  that 
correction  must  be  algebraically  addded  with  this  sign  to  the  true 
radio  bearing  IP  in  order  to  obtain  xoxodroniic  bearing. 

From  fornula  (12.3)  it  is  evident  that  the  great-circle 
correction  the  lasser,  the  lesser  difference  in  longitude  and  middle 
latitude.  Thus,  it  is  egual  to  zero,  when  direction  finding  is 
conducted  on  meridian  or  when  direction  finder  and  the  oriented 
station  ace  equally  removed  from  equator  on  both  sides  its. 

Tables  12.2,  On  the  calculation  of  great-circle  correctioa. 
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Key;  (1).  Middle  Latitude.  (2).  Location  of  transmitting  station. 
(3).  Sign  of  correction.  (4),  Northern,  (5).  To  west.  (6).  To  the 
east,  (7).  South. 


Page  604. 
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For  deternining  gcGat-circle  correction,  it  is  necessary,  at  least 
approximately,  to  know  besides  the  position  of  transmitting  station 
also  the  position  of  vessel  (this  approximate  position  of  vessel  oust 
be  known,  also,  fnr  determining  compass  bearing).  In  the  first 
approximation,  it  is  possible  to  count  that  the  unknown  place 
lie/rests  on  the  line  of  loxodromic  bearing. 

If  the  obtained  location  of  vessel  considerably  differs  from 
that  which  was  assuming,  it  is  necessary  to  convert  for  a second  time 
bearing,  after  taking  into  consideration  the  new  value  of  the 
magnetic  declination  and  correction. 

During  the  use  of  others  except  mercator  map/chacts  for  the 
separator  of  radio  hearings  up  to  small  and  average  distances,  is 
permissible  direct  separator  without  corrections  within  the  limits, 
indicated  in  § 12.2.  At  large  distances  from  point  of  contact  of 
tangency  on  gnoaonic  map/chart,  must  be  taken  into  account  the 
correction  for  the  distortion  of  angles  (12.1).  An  international 
map/chart  should  oe  utilized  within  the  limits  only  of  one  sheet.  At 
very  large  distances  (on  the  average  more  than  1000  nautical  miles) 
the  separator  on  aap/charts  of  any  type  no  longer  is  not  sufficiently 
precise.  The  nap/chart,  which  contains  both  points  (diraction  finder 
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and  the  oriented  station),  extra-fine  scale,  and  deteciinition  is 
obtained  imprecise.  In  these  cases  they  resort  on  the  calculation  of, 
problem  of  which  is  to  apply  to  nap/chart  near  the  unknown  point  the 
small  section  of  the  arc  of  great  circle,  which  corresponis  to  the 
obtained  bearing.  Beating  can  be  considered  as  direct/stri ight  on 
map/chart  any  type  cut.  On  the  basis  of  the  approximate  position  of 
the  unknown  point,  we  are  assigned  by  its  latitude  trsi  ani  we 
determine  tne  longitude  Y'l  of  the  point  of  intersection  of  arc  of 
great  circle  with  this  latitude  by  the  formula 
cos(Y,  — 'I')  — (12.4) 

where 

si  n A = si  n a cos  y,,; 
tgij)  = cte:acoscc 

a — iicTniiHhiii  nwioHr;  {>) 

?i,  — iiiiipOTa  panHonejiejiraropa;  (.)-  ) 

Yp,  — AOJirora  paAHonejieHraropa;  (^3  ) 

Yi  ~ Y|.: Y«i  — paaiiocTb  /lojiroT.  (<v) 

Key:  (1).  the  trua  bearing.  (2).  the  latitude  of  radio  direction 
finder.  (3),  longitude  of  radio  direction  finder.  (4).  difference  in 
longitude. 

We  further  find  the  slope/inclination  of  arc  of  great  circle  at 

the  particular  point: 

Ay__ 

Aif  fos>  y,,  sin  (Yi -- 4)' 


(I2.r,) 
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On  base  map,  wa  zacry  out  straight  line  with  the  obtalnal 
slope/inclination  through  the  point  (p,i.  y«I' 

Page  605. 

This  straight  Liaa  is  the  line  of  position  of  the  oriaatal  object.  If 
there  is  a seconi  line  of  position,  their  intersection  deteraines  the 
position  of  object  and  its  refined  coordinates  tp,j,  y»j.  The  second 
approach/approxination  can  be  obtained  by  the  repetition  of 
calculation  on  tha  basis  of  the  new  value  of  latitude  <Pjs- 

During  the  use  of  several  bearings,  the  described  construction 
Bakes  it  possible  to  determine  the  ellipse  of  error  in  acoocdance 
with  § 11.2./ 


12.4.  Automation  of  position  finding. 


The  simplest  automation  of  position  finding  consists  in  the 
automatic  separator  of  bearings  on  niap/chart  according  to  the  data  of 
radio  direction  findrrs.  on  transparent  actual  chart  area  from  the 
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point/itess  of  tha  dcraJi'jement/peLinutation  of  radio  dira::tion 
findors,  are  dasig n/pco jected  the  light  lines,  which  correspond  to 
the  true  radio  bearings.  In  the  point  of  intersection  of  Lines,  is 
located  the  fixed  object.  Laying  is  simplified,  if  in  radio  direction 
finders  are  utilized  the  dial  instruments  these  which,  transmitted 
into  point/iten  separators,  they  serve  for  control  of  the  design  of 
ray/beams.  Is  knovn  the  use  of  the  equipped  thus  map/cbarts  with  a 
size/dimension  of  100  cm  X 100  cm  for  the  maintenance  of  airfield. 

The  lines  of  radii  bearings  can  also  be  design/projected  from  the 
screens  of  the  cathode-ray  tubes  of  radio  direction  finders  or  their 
repeaters  to  larga-size  map/charts. 


By  the  more  advanced  method  of  separator  is  the  autoiatic 
separator  of  bearings  electronic  method  on  the  screen  of  the 
cathode-ray  tube  on  which  is  plotted/applied  the  actual  chart  area. 

In  [12.U],  is  described  the  similar  tube  with  a size/dinen sion  of  40 
cm  X 40  cm  with  afterglow  on  which  the  signals,  obtained  from  six 
direction- finding  point/items,  removed  from  the  center  of  processing 
up  to  distances  ta  60  nautical  miles  (2  groups  on  3 radio  direction 
finders),  automat i cally  are  processed  in  line  of  bearing.  Operator 
can  applv  the  seventh  line  for  determining  the  courso  of  aircraft  for 
any  objective.  The  images  of  bearings  design/pioject  for  the  large 
screen  with  a size/diraension  of  l.*^  m X 1.5  m.  The  design  of  radio 
bearings  is  realized  by  successive  reproduction  of  lines  of  bearing 
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whose  dicectians  autoni atically  ace  established  with  fre^aanoy  400/7 
HZ. 

Page  606. 

To  run  beariigs  iu  the  form  of  line  and  to  detecmina  the  place 
of  object  on  the  intersection  of  lines  is  possible  only  at  small 
distances  from  radio  direction  finders,  thus  far  arc  of  the  great 
circle  caa  be  approximated  by  straight  line.  For  the  automatic 
determination  of  the  coordinates  of  the  fixed  object  at  aiy  distances 
from  direction  fiiders,  it  is  possible  to  use  electronic-c  on\  pu  ting 
digital  coniputar.  Processing  the  results  of  direction  finding 
consists  of; 

'1)  coordinata  doterminat  ioi.  of  c.'ie  points  of  intacsaction  of 
bearings; 

2)  the  determination  of  most  probable  place  of  object; 


3)  tie  calculation  of  the  pacaraeters  of  the  ellipse  of 

1 

probability  (size/diaiensions  ot  semi-axes  and  their  orientation)  for  1 

the  assigned  probability  of  determination.  i 


As  tie  basis  of  the  solution  of  the  first  problem,  can  be  placed 
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the  formula  of  tiis  calculation  of  azimuth  (12.6;  . For  any  two 
direction- finding  point/itcms  are  known  the  azimuths  fjc  the 
objective  (bearings)  and  the  coordinates  of  the  points  of  the 
standing  of  radio  direction  finders.  It  is  required  to  calculate  thj 
coordinates  of  tha  point  of  intersection  of  the  pair  of  baarings. 


Formulas  for  tne  calculations  of  the  second  and  thirl  tasks  are 
given  in  chapter  11.  For  their  solution  it  is  necessary  to  feed  into 
the  machine  estiaated  average  quadratic  angular  bearing  arrors. 


12.5,  Cdlculatioa  of  azimuths. 


During  the  calibration  of  direction  finder,  it  is  rajuiced, 

knowing  the  coordinates  of  direction  finder  '(v)  and  transmitter 

(<?».  Tf«). 

to  determine  the  true  bearing  (azimuth)  of  the  latter  for  a 
comparison  with  radio  bearing.  This  task  it  is  possible  to  easily 
solve,  utilizing  not  only  map/charts,  but  also  the  formulas  of 
spherical  trigonometry. 


The  true  bearing  *o  and  distance  of  transmitter  C are 

determined  with  the  aid  of  the  formulas 

Ctg  a,  r=rr  siu  clg  ^ — tg  f , COS  <p,,  cosoc  Y,  (12.6) 

sinC-  cosf.cosocajSin  Y.  (12.7) 
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whei'f^  T — Y,;  — y,  is  differenco  in  longitude. 

In  the  genecil  case  of  any  location  of  transmittec  aid  direction 
finder  for  deterniniug  the  quadrants  of  angle  o,  it  is  necessary  to 
proceed  from  the  iepandences  of  spherical  trigonometry. 

Page  607. 

One  should  add  signs  to  latitudes  and  longitudes:  to  north  latitude 
and  eastern  longitude  plus  sign;  *o  southern  latitude  aii  western 
longitude  minus  sign.  Then  one  should  determine  sign  ctg  and  use 
Table  12.3, 

During  calculation  according  to  formula  (12.6)  a difference  in 
the  terms  can  pass  invo  sum. 

Reciprocal  boaring  h due  to  the  nonpa rallelisa  of  maiidians  is 
not  equal  accurately  to  value  a - 180°  can  be  determinal  ay  the  same 
formula,  but  witn  the  corresponding  replacement  of  iniioas. 

It  is  ceguirad  to  determine  simultaneously  direct/straight  and 
reciprocal  bearings,  it  is  possible  to  use  Napier  analogias; 
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- »F. 

= — tYb”  i- 

fin y 


J—O  ’ 
tgi__= 


T.  — Tf. 


biW-tu-e  uoi"  ob-t<a.'n 

j + P . p — « 
2 2 


(12.10) 


Ta  'J  .3 


' ll(l.■lo»cMln.•  iii'iie- 

ju r iiiKA  oriKK  ii>  3fi,iK  KnaA|p'"<r  H 9iiaHciiiie 
Te/it.Mo  ite.iciMM*  ( ^||*  aj  iie;i«iirii 

I up » , j 


( ■•  * K mcTOKv 

(jr  K BOCTOKV 

i<jj  K oannAv' 
(j^r  K 3flnnA> 


1.  «. 

11.  ISO"  —a, 
HI.  180'  +», 
IV.  360-  —0, 


Key:  (1).  Detatmiiatian , (2).  the  quadrant  of  hearing.  (3i  , true 
(4).  Position  of  the  transmitter  of  relative  direction  finder.  ( 
Sign  ctg  do,  (6).  Quadrant  and  the  value  of  bearing.  (7).  To  the 
east.  (8)  . To  west . 


Page  608, 
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T^ie  iistanca  between  the  direction  finder  and  tcanssitter  D can 
be  determined  by  the  formulas 


I ° + P 

i . ^ -icr  “lLT^  I 

* ^ "2  — ’ 2 P — » 

»ln 


(12.11) 


or 


*4- 1 

, cns--„ 

, C , ¥•  + fi-:  2 

nr- 


(12.12) 


Formula  (12.11)  is  applied,  when  <P|:  + ‘P»  is  siall,  waila  formula 
(12.12)  - when  is  small. 

Page  609. 

Appendix  I. 


Calculation  of  tha  parameters  of  the  framework. 


In  the  subsequent  formulas  it  is  marked; 
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tl>44 

L “ the  inductance  of  framework.,  pH;  c are  its 

capacitanre/capacLty,  pF;  S is  its  area,  cm^;  N - turn  nuiber;  \- 

jd  = 2r  - diameter  of  wire,  cm;; 

the  length  of  wira,  cm;  g - the  space  of  winding/coil,  c«;l\\o  “ ^he 
natural  wavelength  of  the  framework,  d;  f are  frequency,  NHz;  X is  a 
wavelength,  m;  p are  specific  resistor/resistance,  Q/ca;  8 - a radius 
of  circular  framawork,  cm;  a - side  of  square  framework,  cm;  b is 
width  of  Erameworc,  cm;  p - magnetic  permeability  of  aatarial  (is 
relati  ve)  . 

1.  Intluctanca  of  framework.  Inductance  of  the  singla-turn 
framework  of  any  form 

f = 10-'. 

An  error  in  this  formula  is  not  above  ii-2«5o/o  with.S/ld  > 1000. 
With  other  rel  ati onsbip/r at ios  of  size/dimensions,  one  should  use 
particular  formulas  for  the  different  figures  from  which  let  us  give 

two; 


the  inductaaca  of  the  single-turn  circular  framework 

l = 'O'*- 

the  inductance  of  the  single-turn  square  framework 


4 


.1 


.y 

Tfl 


• j 

<1 

i 

'X 


rK 

-4 
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Page  610. 

Tha  Lnductaase  ot  the  sultituL'n  circulac  solenoid  Cnnework 

Z,„4r/?N  |^ln-“  + 0.333^ + (/V-  l)^ln  f /•j  10->« 

^2RN(Ai  + B,)  10-*, 

where  and  Dj  ace  the  values,  indicated  in  Table  1.1  ar»l  1.2. 

Inductance  of  the  multiturn  circular  ftaneworli  with  the  turns, 
arrange/located  (in  section)  on  the  ap ex/vertexes  of  the  regular 
polygon; 

+ 0,333-K/V-l)(l„-^  10-*. 

Where  ro  — a distance  of  turns  from  the  center  of  section, 

The  inductance  of  the  i*ultiturn  square  framework 

1-  8a/V«  |ln  0.2236  ^^^^-^+0,720-^^?  + 

where  A and  B are  constant,  determined  from  Table  1.3  and  1.4. 

Formula  is  used  both  to  thr ee-dimens ional/space  and  to  the 
flat/plane  fraaewjrk.  In  the  latter  case  under  a,  it  is  necessary  to 
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understand  tha  average  value  of  the  side  of  the  square  of  turn 


Tables  1.1. 


R 

r 1 

■too 

800 

2000 

4 000 

toooo 

20  000 

A, 

39.71 

44.04 

49.82 

54. 1C 

69.04 

C4.38 

Tables  1.2, 


{ glK 

N 

0.002 

1 0.001 

J 0.008 

{ 0.03 

aiiiiMcMiiit  n. 

i t * 

0 

j 

.00,2 

.30,9 

26.. 6 

20,7 

(> 

154.1 

132,4 

110,4 

81,7 

10 

256.1 

216.1 

I7G.C 

12.6,4 

14 

346,2 

289,9 

2.32.5 

169,0 

18 

429,8 

355.0 

281,5 

189,0 

22 

.607,7 

415,3 

324,2 

212,4 

20 

.681 .2 

417,2 

3G3.2 

2.30,6 

30 

060,9 1 

623.4 

.397,7 

243,6 

Key:  (1).  Values  Bj. 
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2.  capacitan^Q/capaclty  of  fraaework.  The  capacitanca/capacity 
of  the  sgdare  fraaeworlt 


C ^ 


where  Cq  is  the  coefficient,  determined  on  Table  l,  5, 


Table  1.3. 


a 

K 

1 

0,18 

— 1,150 

0,15 

1,280 

0,14 

1,410 

0,12 

1 ,550 

0, 1 

1 ,750 

0.08 

1 .970 

0.05 

2.26 

0.04 

2.56 

0,02 

—3,36 

1.0 

0,9 

0.8 

0.7 

0.6 

o..*; 

0.4 

0.35 

0,3 

0,25 

0,2 


+0.557 

0.452 

0,334 

0.200 


0,830 

1,050 


Key:  { 1)  . 


Laf  gea 

I 

‘f 

t 

I 


Tables  1,4. 


s 

B 

1 

1 

|o 

1 10 

0.027 

2 

0,067 

20 

0.016 

3 

0.055 

40 

0.008 

4 

0,049 

50 

0,005 

6 

0,039 

100 

0,0033 

8 

0,032 

1 

7'ah  Ic  jl  S 


N 

X 

2 

3 

4 

6 

e 

..  <1  fi 

Bu;ii.uic« 

c. 

0,031 

0,072 

0,102 

0,129 

0, 152 

0, 167 

0,28 

Pig.  1,1,  Phase  constant  for  calculation  Xq, 
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,04i 


3.  Natural  wavelength  of  fcaiiuvork:  a) 

is  deterained  for  fcaaawork  fron 
and  for  multitura  sguara  framework 
designated  above  cucyas;  where  A is 
coefficient  whose  values  are  given  in  Table  1.7. 

4.  Resistoc/cesistance  of  framework 

where  Ry  is  radiation  resistance,  ohm;  Ah  is  resistor/resistance  of 
wires,  ohm;  An  is  resistor/resistance  of  dielectric  losses,  ohm;  A. 

- resistor/resistance  of  losses  in  earth/ground,  ohm 

Ae  = 1C0a»  , 


where  k,  is  coefficient  which  it 
small  turn  number  from  Table  1.6, 
from  Fig.  1.  1 with  different  b/a. 


where  - effective  height  of  framework,  m; 

Ah  ~ A,^i^l» 

_ ft 
nr*'' 

k|  - is  determined  from  Table  1.8  depending  on  value  x 
X \07d  V r (f  or  copper). 


Tables  1.6  (fables  1.7. 


r:-' 1 

BHTKOB 

1 ^ 

5 

V?  ’ 

]0  u 6oflce 

A 

j 1,  IB 

1 .3 

1.5 

p-f— 

Miic.io 

BMTKOD 

I 

2 

4 

G 

k. 

2, 3-2, 8 

2,75-3 

2.7-3, 4 

3,4— 3,0 

-a 

’ -9 


4 

i 


1 

-ri 


I 
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Key  to  tables  1.5  (1),  Turn  number. 

Key  to  tables  1.7.  (1).  Turn  number.  (2).  and  more. 

Page  6iu. 

At  large  values  af  x kj  is  determined  from  the  formula 

AT  V2+  1 

*1=  4 • 

kj  - the  coefficient,  which  considers  the  proximity  effec 
kg  it  is  deterained  from  cutve/graph  (Fig.  1.2)  depending 
g/d  - space  of  wii ding/coil  toward  the  diameter  of  wire, 
two  curves  on  the  basis  of  different  sources. 

Tables  1.8. 


t of  wires. 

on  ratio 
Figure  gives 
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Page  6 14, 

For  the  laop  anteinas,  which  consist  of  very  small  turn  number,  the 
curve/graph  of  Fig.  1.2  we  will  not  use. 

The  resistor/resistance  of  dielectric  losses  is  changed  over 
wide  limits  depeniiny  on  the  type  of  construction  and  cannot  be 
determined  by  calculation. 

The  res istoc/resistance  of  the  small  framework,  equivalent  to 
losses  in  the  ear t h/yr ound,  is  usually  negligibly  small.  For  the 
large  framework,  suspend/hung  from  masts,  this  component  jf 
resistor/resistance  can  have  prevailing  value. 


Appendix  II. 


DERIVATIDN  OF  FORMULAS  FOR  MAGNETIC  FIELDS  IN  HULT/.WODKD  GONIOMETER. 


Equations  (3-50)  and  (3.63)  are  simplified,  since  of  periodicity 
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condition  of  trijonoraetric  functions  it  follows 


,,  0) 

2 npu  pr=  kn+  \ (PAe  k mojkct  us- 
MeKRTi>c«  8 npeae.nax  A=0-~  cti)  k 

npH /( = */j  — ] (ft  «=  1 ^ 

I = 0 npu  Apyrux  siiaiemiax  p, 

n 

S2n  , 2r 

COS— yj/rtsln— m = 0 , 


2n 


2it 

■ pm  cos  — m 


, 2n  2r 

Sin  pm  cos  — m = 0 


m-=l 

( 

I 

Jsln^/w/sln^w{ 
m=.l  I 


n 'v  * ' 

— ~2~  npM  /^  = An  + i (*  =0  -r-  co). 
n 

= — npu  p=  kn—\  (k^ 


I 

t = 


0 


t ' 


) 

npu  ApyPHX 


P- 


Key: 

(1). 

with 

p = kii  ♦ 1 

(where 

k can  vary 

within  the 

lin its 

of  k 

0 - - 

) and 

with 

P = ~ 

1 (k  = ' 

1 - , at 

other  valua^ 

of  p. 

(2)  . 

with- 

(3). 

with 

other  p. 

Page  61  ft. 
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For  a proDf  one  should  utilize  the  transformations 

cos  pm  cos  /«  =.  J-  cos  “(/!»+  1 ) w + cos  — (/»  — I ) HI  , 

2r  2r  1 r . 2n  .2b  1 

«ln  — /uncos  — m—  -j  sin  — (/>+  l)mH-  sin— (/>  — 1) hi  It 

2yc  2r  1 ^ 2fc  2ft  *I 

cos  — /HHSin  — m'«=-2  j^sln  — (/J+  l)m  -sln  — (p  — l)mj, 

, 2n  2b  ' r 2b  2n  T 

sin  — pm  sin  m — "iT  ^ ~ IT  ^ ’ 


and  consider  that 

cos  (/'  + I)  "«  I =■  - cos  I ~ (/>  + I ) + Hl^  j 

for  p ^ (2n  - 1)  Ic,  where  k can  vary  from  1 to  1 - 
["/T  + •>"*]  ■="’*  [x (/»  + I)  4-Hij  j = I 


for 

P 

(2n  - 1) 

k. 

where  k = 

1 

— «p 

r 2b 

r 

COS 

(P  — 1)  m j = — 

cos 

for 

P 

(„n  ♦ 1) 

k , 

where  k = 

0 

as 

■ 2b 

, 1 

r 2b 

/ fi  \ I 

COS  j 

L 

(p  — 1)  HI  — COS 

II 

+ 

t. 

! 

for 

P 

(2n  - 1) 

k , 

where  k = 

0 

m 
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/oS^ 


--‘1"  + ».jj 

c 2«  1 ' ( 3*^ 

j I'/i  (/'  + 0 "»  I = « npi!  />  — kn  — I; 


i'l 

nccrjja; 


[^  (/'+!)«« 

-^0 

[7"  (/.-!)/« 

— n 

r Sn 

J-0 

= 0 

==o 

1 

} 

npii  ft  - kii  -f.  1 ; 


Apynix  c.ny'iniix; 


no  nceic  r;iv'i,inx. 


Key;  (1)»  always.  (2).  with.  (3).  iu  other  cases.  (4).  in  all  cases 
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Therefore 


|o®  n 

A p co»  pB  JJ*cof  ^ pm  cot 


pin  fos 


n 

“i” 


la^i 

CO  f 

^ yl^,.-MCOS(A/i  + 1)0  + ^ /)»„-,  cos  (ftfi-  1)  6 1 
k^o  ft=i  J 

CO 

^ A ,,cos  i>ti  ^ cos  pm  sin  — m-h 
/»  .0  »u  ^ J 

CO  '» 

2n  2n 

H-  V A ,.  sill  /-e  V si"  „ /•'"  si"  "(r  "'  "" 

/>*.»i  m l 

f no  00 

-^1  y]  yl,,.  + ,si.l{Avi  }-  1)0-^  yU„.,  Sill  (A'/l- 1)0 


i 
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COMHON/GENERAL/TDTAL  EXPRESSIONS  FOP  THE  PARAMETERS  OF  ELLIPTICAL 
FIELD. 


Let  us  exiniie  the  general  case  of  the  equation  of  ellipse,  whan 
in  (4.7)  when  sin  a and  cos  a are  the  coiposite  coefficients: 

£ = (I -'p/m)  cos  ^ — («  + //>)  Sint  = Afi  cos  a — ilna,  (IH.l) 

■ TA®  jWj  / + Inf,  M,  ~ n jp.  - . _ _ . ._  ..  . 


Me  cciivert  ir  1. 1 : 

(•o.s*a(i*  -|-  /«»)  + Sin’ a (/I*  -J-  /)•)  — sin  2a  (l/i  + mp).  (III. 2) 


Ir  order  to  ietecmine  the  angle  the  orientation  of  the 
transverse  let  us  equate  zero  derivative  of  L*  ii  tarns  of  «; 
d't*) 

^ sin  2«  (n’  -p  /’’  — (*  — «’)  — cos  2a  (2  (In  -|-  m/i)]  ■=  0. 

Solving,  we  will  obtain  expression  for 


\g  2a«„u  = ^ _ fi  _ /n« ' 


(111.3) 


Pago  617. 


From  formula  (III.  3),  utilizing  formulas  of  the  ttansf ormation 
of  trigononietric  f unct wc  will  obtain 


i-ns  2a, 


sin  23miih  ~ 


n’  + r’  — ~ 


(n’  + p*  — 1’  — in')’  + 4(//l  + inp}’ 

2 ((rt_+  inp) 

V I'd  + /d  ' - 1’  — "dp  + ■*  On  + 


(111  I) 
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Let  us  find  Econ  (III.  2)  the  relation  of  snail  and  major  axes  of 
the  magnetic  field  of  the  goniometer: 

- - - - - - npu  a aMMii+?iO" 

5*  /.•  npii  « = ~ 

^ + /«*  + n*  + /i»  — t^in*  + />»  — /^  - /«»)>  g-  •!  (in  + w r)- 

+ III*  g-  II*  4-  g.  j/j,,!  ^ J,i  _ /I  _ ,//a‘)r^  4(//l 

(Iii.r.j 


or 


/I 


2 (mil  — //<) 

t*  g-  /«’  g-  /i’  g-  g-  ^''(«*g-7'’— 'ir*)’g-)i/«g-w/')- 

(iii.'i) 


A simpler  characteristic  of  the  ellipticity  of  field  is  obtained 
from  (111.6)  in  the  form: 


2 {inn  - If’) 

/ih~+  ;i*  ' 7«*)’  V i\lii~+'mn* 


inn  — I /' 

- ;,7g.-„,/r»*"2«*nH. 


Gli.7) 


DOC  = 77223226 


PAGE 


Formulas  (III.  3)  anti  (III, 7)  are  used  tucther  for  different 
special  cases- 


li 


A 


let  us  daitions  t rat  € that  in  the  small  ratios  A/B  thera  is  the 
equality; 

, / , , -^1  N / + lilt 


. Lss 
■th 


Page  618. 


It  is  decomposed  tne  left  side  of  the  equality 

slnSsHiiii  , 


tg  ' v)~ 


cos2o«m.  +cli  2 


+ y 


(Hi. 8) 


COS  'f  ' ••  •<  * /*” 


•tv 

11 


wherf!  at  the  low  values  A/D 


1 

1 
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2 (mn  — //») 


tOS  21,1,  II 


)n«  + n«  4-  /ji 

/ + 4 [fir+7n/iy  ’ 
+ 2 


(IM.Q) 


Let  us  suDstitute  expcRssions  (111.4)  and  (III. 9)  into  formula 
(III. 8),  then  ve  obtain 


/'  . A\__ln+niii  _ , "‘"jziS. 

tg  ( aMKH  + i -jf  j — + / /)!  + ' 


(111.10) 


The  right  side  of  equality  (III. 8)  can  be  presented  in  this  form 


_ ^ + /'”  _ i!*  + mp 


n + If,  /,j  .j.  p> 


r + l 


mn  — Ip 


(III.ll) 
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From  expcassioQS  (III.  10)  and  (III.  11)  follows  the  validity  of  the 
eg  uality 


We  convert  this  equality,  after  substituting  “«»»  = 9 ♦ A,  where 
A is  a reading  error  of  bearing  on  the  oiniatin: 


tg 


A \1  jMi. 

~B)y  M, 


cr 


f A\  , A M,  cosD— A<,  tine 

t8^A-|-/-g-j=%:ii  + / Q =>  0 + jM,  iln  r ^ ^ 


Page  619. 


Appendix  IV. 


Determination  of  the  direction  of  the  true  meridian. 


The  direction  of  the  true  meridian  can  be  determinei  by  the 
different  methods,  examine/considered  in  practical  astronomy  and 
geodesy.  We  give  the  easiest  methods,  which  do  not  require  complex 
computations. 

1.  Daterainat  ior.  of  direction  of  true  north  in  compass,  compass 
and  other  instrmants  with  magnetic  needle.  The  advantage  of  this 
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aethod  is  the  possibility  of  its  application/use  at  any  time  and 
independent  of  ths  conditions  of  the  weather.  For  obtaLniig  accurate 
result,  it  is  necassary  to  dispose  of  exact  value  of  tha  lagnetic 
declination  for  this  met.  (of  one  hundred,  which  not  is  always 
possible.  In  areas  of  magnetic  anomalies,  a precise  valua  of  the 
magnetic  ieclination  cannot  be  shown.  The  magnetic  declination  can 
change  in  the  periods  of  magnetic  storms.  * 

2,  Determination  of  direction  of  true  meridian  in  aap/chart.  The 
aap/chart,  used  far  determining  the  direction  of  the  trua  meridian, 
must  be  sufficient  large  scale,  for  example  100^000  or  1:  50^  000. 

It  is  first  of  all  necessary  to  apply  on  the  map/chart  a precise  site 
of  installation  of  radio  direction  finder.  Further  with  the  aid  of 
compass  or  theodolite,  they  sight  any  noticeable  object/subject 
(belfry,  factory  tube  etc-),  plotted/a pplied  to  map/chart.  Distance 
of  ob ject/aub ject  to  scale  of  map/chart  must  be  not  lass  than  100-150 
mm . 


Let  the  counted  off  according  to  instrument  angle  be  egual  to  a. 
Is  determined  direction  in  object/subject  relative  to  aerldian  p in 
map/chart.  They  tarn  alidade  to  angle  a - p (clockwise,  if  a > 0)  is 
establish/inst? H 3 d in  this  direction  tha  landmark,  which  dstarmines 
the  direction  of  the  true  meridian.  For  an  increase  in  the  accuracy, 
one  should  repeat  the  observations  of  relatively  second 
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ob ject/sub ject.  If  is  obtained  disagreema nt,  it  is  nacassary  to  find 
and  to  remove  its  reason  (most  frequently  incorrect  mark  of  the 
position  of  radio  direction  finder  on  map/chart) . 

3.  Daterminat ion  of  direction  of  true  meridian  in.  Polaris. 
Polaris,  entering  the  constellation  Ursa  Minor,  is  tha  closest  star 
to  celestial  to  tae  North  Pole.  It  is  removed  from  pole  up  to  the 
distance,  equal  approximately  1®,  and  ir.  its  apparent  motion  is 
described  around  pole  small  circle-  Direction  in  Polaris  coincides 
with  the  iirectiott  of  the  true  meridian  only  during  its  lower  and 
upper  culminations.  The  approximate  local  time  of  the  passage  of 
Poj.aris  through  the  meridian  is  given  in  Table  IV.  1.  Por  the 
calculation  of  daylight  saving  time,  it  is  necessary  to  local  time 
(on  table)  to  add  the  number  of  time  zona,  to  take  away  (for  eastern 
longitude)  the  longitude  of  place,  expressed  in  time  units,  and  to 
add  unity. 

4.  Doteroiindt  ion  of  direction  of  true  meridian  by  tha  sun.  The 
direction  of  the  true  meridian  can  be  determined  by  the  position  of 
the  Sun  at  true  noon. 

Page  620, 

For  determining  daylight  saving  time,  which  corresponds  to  apparent 


DOC  = 77223226 


PAGE 


noon,  it  is  nacessary  13  hours  to  add  the  number  of  time  zone,  to 
*-ikVn  away  the  longitude  of  place,  expressed  in  hours  arid  linutes,  and 
to  add  the  correction  whose  approximate  value  is  given  in  Table  IV, 2 
(in  min) . 


Hours,  the  used  determinations  apparent  noon,  must  ba 
preliminarily  checked,  and  their  error  must  not  exceed  13-15  s.  For 
certain  time  to  tse  calculated  noon  they  induce  the  tube  of 
theodolite  oi  another  similar  instrument  on  the  sun  so  that  cross 
hairs  in  tube  would  divide  the  visible  image  of  the  sun  in  half. 


FOOTNOTE  1,  For  the  observation  of  the  Sun  necessary  to  apply  the 
appropriate  filter  in  ocular  (can  be  used  smoked  glass).  E NDFOOl'NOTE. 


Further  during  the  motion  of  the  Sun,  they  revolve  smoothly  alidade 
with  tube  so  that  the  intersection  of  filaments  in  tube  would 
coincide  with  the  center  of  tne  visible  image  of  the  San,  The  second 
observer  at  this  time  follows  the  hours  and  with  the  onset  of  the 
torque/moment  of  apparent  noon  feeds  the  signal  to  the  first,  which 
stops  the  displacement  of  tube. 
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Key;  (1).  Date,  (2).  Transit  time  of  Polaris  through  the  aeridian. 
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Page  621. 


In  the  obtained  direction  is  establish/installed  the  landmarlc,  which 
determines  the  direction  oi;  meridian. 


For  an  increase  in  the  accuracy  of  observation  it  is  possible  to 
repeat  several  tines.  For  example,  the  first  signal  they  feed  after 
half-hour  to  apparent  noon.  The  first  observer,  after  discontinuing 
the  displacemant  3f  alidade,  is  record/written  the  angle,  indicated 
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by  instrument  (aji  . Further  it  renews  guidance  by  the  Sun  before 
obtaining  of  the  second  signal  accurately  at  noon.  At  this  moinent  it 
ceases  tha  displacement  of  alidade  and  record/writes  new  angle  (az) • 
Similarly  he  is  racord/written  the  third  reading  of  the  angle  (93) # 
which  must  be  produced  accurately  as  later  than  noon  (for  example, 
half-hour),  as  the  first  reading  was  produced  earlier  than  noon.  Tha 
control  of  accuracy  is  the  coincidence  of  values  <xi  *■  *3/2  and 
For  the  true  diraction  of  meridian,  one  should  talce 
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